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Joy, Susan E. M.S., July 2005 Geology
An Investigation of Groundwater Resources, and the Transport and Fate of Septic 
Effluent in a Fractured Rock Aquifer, Western Montana
Committee Chair: Dr. William W. Woessner
The EPA estimates that three billion cubic meters o f wastewater is disposed via soil 
application. The wastewater travels through the soil eventually reaching groundwater. 
On-site disposal systems, including septic tanks and drainfields, have the potential to 
deliver viruses, dissolved organic compounds (DOC), heavy metals, chloride, nitrate 
(NO3-N), and bacteria to groundwater. Domestic wells in the Blue Mountain study area, 
located in western Montana, are finished in a fractured quartzite aquifer. Soil cover 
varies between 40 and 190 feet thick in the study area and on-site disposal systems are 
the primary method o f wastewater disposal. This research effort attempts to examine the 
transport and fate o f septic effluent, and the availability o f groundwater resources in a 
fractured quartzite aquifer. Specific objectives include defining the geologic framework, 
establishing a well network, conducting geochemical and microbiology investigations, 
and assessing water quality and quantity. The geologic framework was created using 
well logs and surficial surveys from a network o f 22 wells. Water levels were obtained 
twice monthly, and water samples were collected once a month for geochemical analysis 
and bacteria. Aquifer tests and geophysical surveys conducted during the study period 
indicate fractures in the quartzite control the flow and availability o f groundwater in the 
study area. Groundwater flow is from the western uplands towards the Missoula Valley. 
Groundwater availability depends on location o f wells relative to fracture sets. Well 
yields range from three gallons per minute to forty gallons per minute. Results from 
geochemistry analyses and bacteria cultures indicate on-site waste disposal systems are 
impacting groundwater quality. Nitrate (NO3-N) and chloride values range from 0.5-7.4 
mg/L and 1.7-37.4 mg/L, respectively. Values are elevated above backgroimd nitrate 
levels o f 0.3mg/L as nitrogen and chloride levels o f  0.18mg/L. Coliform bacteria were 
detected in two-thirds o f all participating wells during the study period. Bacteria cultured 
from ground water samples show resistance to three out o f four eommon antibioties: 
ampicillin, erythromycin, tetracycline, and trimethoprim. The Missoula City-County 
Health Department will use the results o f this study to evaluate the potential 
consequences of future development in portions o f the Missoula Valley underlain by 
fractured bedrock aquifers.
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Introduction:
Groundwater availability and quality is a concern for residents in the Blue 
Mountain drainage area located near Missoula, Montana. Drinking water is obtained 
from a fractured rock aquifer and on-site disposal systems are used by each homeowner 
for effluent treatment. Some homeowners report low well yields, while others report loss 
o f water during the summer months. A few residents complain o f poor quality water. The 
aquifer underlying the Blue Mountain study area can be characterized as being purely 
fractured media (Cook 2003). In the Blue Mountain study area, health department 
officials are concerned that untreated septic effluent is reaching the fractured rock aquifer 
and contaminating drinking water. Future housing development plans have raised 
questions as to the current quality and quantity o f groundwater and the impact o f further 
development in the Blue Mountain study area.
Groundwater systems in fractured rock are difficult to characterize, and often 
require the use of numerous physical, chemical, and technological methods to identify 
fracture sets and flow pathways. When geologic materials with primary matrix porosity, 
such as sandstone or shale become fractured, a complex framework of groundwater 
movement is created. Groundwater moves through both matrix and fracture sets. In 
contrast, crystalline rock systems, composed o f igneous or metamorphic rocks, no 
primary matrix porosity is present (Van Tonder et al., 2001). According to Cook (2003), 
these purely fractured rock aquifers are composed of a large number o f small fractures 
and a small number o f large fractures. Water is contained only in the fracture sets. Joints, 
cracks and fractures are the only means of groundwater flow, and therefore solute 
transport.
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Recent investigations of fractured rock aquifers in New Hampshire found 
correlation between well yield and a number of factors including bedrock type, fracture 
lineaments, and topography (Moore, et al., 2002). Degnan et al., (2001) reported 
boreholes drilled to intercept high yield fractures had a tightly constrained target range of 
no more than ten feet which necessitates the need to apply geophysical tools. Fractured 
rock aquifers are typically heterogeneous, therefore aquifer tests conducted to determine 
hydrologie properties may not accurately represent aquifer properties and transport 
mechanisms (Kaehler and Hsieh, 1994; Abbey, 2000; Berkowitz, 2002).
The transport o f contaminants and solutes is governed by the connectivity and 
distribution of fracture sets (Berkowitz, 2002) and the width of the fracture aperture 
(Keller et al., 1999). Four commonly applied transport mechanisms govern the 
movement on contaminants dissolved in water; advection, dispersion, sorption, and 
biogeochemical transformation (Keller, et al., 1999). Two approaches are used to 
quantify contaminant transport in fractured media: the advection-dispersion equation 
(Berkowitz, 2002) or a single fracture two-dimensional model (Cvetkovic, 1991). When 
the standard advection-dispersion equation is applied it represents the fractured network 
and the presence or absence of matrix porosity as equivalent porous media (Berkowitz, 
2002). However, this equation poorly represents solute movement as both rapid transport 
in fractures and retardation by matrix flow (Berkowitz, 2002).
The two-dimensional model describes a single fracture in a network of fractures 
(Berkowitz, 2002). If flow in a fracture is considered two dimensional, then a parabolic 
velocity profile across the fracture results (Endo et al., 1984). Dispersion and multiple 
fracture networks intersecting that fracture can alter the velocity and consequently the
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contaminant profile across the fracture aperture (Endo et al., 1984). Generally, the 
spreading process in a single fracture is small, thus the concentration o f solutes being 
transported in these systems remains high, and over time, gradually dispersing. Larger 
apertures move contaminants faster than smaller apertures, often in a direction different 
than the interpreted regional groundwater direction (Keller, et al., 1999). The single 
fracture model of flow and solute transport is of limited use as it does not accurately 
represent the influence o f the fracture network (Berkowitz, 2002).
In a fractured rock aquifer with no primary porosity, no diffusion occurs in the 
matrix, therefore it is assumed that the apparent velocity of groundwater is equal to the 
apparent velocity o f a tracer or solute through the fracture matrix (Cook, 2003). 
Depending on groundwater flow velocities, advection will dominate at high velocities 
while dispersion will dominate at low velocities.
It has been reported that fractured rock aquifers are sensitive to contamination 
from industry, feedlots, and on-site disposal systems. On-site waste disposal systems 
have been found to impact fractured rock aquifers where soil cover is thin (Miller, 1980). 
thick (Foppen, 2005), or the density of septic systems is high (Brendle, 2004; Wakida et 
al., 2005). Septic tanks and drainfield systems have the potential to deliver viruses, 
phosphorous, chloride, metals, dissolved organic compounds, nitrate and coliform 
bacteria to underlying groundwater systems (Missoula County, 1995). Nationally, on-site 
wastewater systems and septic tanks deliver 800 billion cubic feet of wastewater each 
year to underlying soil, and ultimately, groundwater (Keswick, 1994).
An on-site waste disposal system includes a septic tank and a drainfield. The 
septic tank operates under anaerobic conditions while the soil adsorption area underlying
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the drainfield operates under aerobic conditions (Hagedom, 1994). After primary settling 
in the septic tank, wastewater moves to the drainfield and percolates into the soil and 
eventually to the groundwater. The system is designed such that effluent in the soil zone 
is acted on by soil bacteria that reduce ammonium (TMIT,̂ ) to nitrite (NO2 ) and nitrate as 
nitrogen (NO3-N). The granular soil structure also acts as filter and, if sufficiently fine 
grained, has the potential to remove pathogens (Hagedom, 1994).
Nitrate and bacteria are concerns for rural residents who rely on wells for their 
source of drinking water. The federal standard for nitrate in drinking water is 10 mg/L as 
nitrogen (EPA, 2004). The federal standards are regulated by the 1974 Safe Drinking 
Water Act and the Environmental Protection Agency (EPA). Public water suppliers 
abide by these standards while private wells are not subject to the regulations set forth by 
the Safe Drinking Water Act. Nitrate is a concern because it can cause serious illness, 
including thyroid interference, cancer, and even death (EPA, 2004). Younger children 
who consume water high in nitrate can develop methoglobinemia, or blue baby 
syndrome, (EPA, 2004). Sewage, septic tanks, fertilizer, and naturally occurring nitrogen 
are all potential sources o f nitrate contamination in surface water and groundwater.
Bacteria in drinking water, usually in the form of coliform bacteria, can be 
hamiful in high concentrations (EPA, 2004). Coliform is a generic name used to describe 
Escherichia coli.- like bacteria from the family Enterohacteriaceae, found in water, soils, 
and the intestinal tract of warm blooded animals, including humans (Todar, 2004.) 
Escherichia coli (E. coli) normally resides in the intestinal tract o f humans and animals, 
and its presence in drinking water indicates contamination from animal or human wastes 
(EPA, 2004). Septic tanks and feed lots are potential sources of E.coli contamination of
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drinking water. Exposure to high concentrations o f E. coli can produce severe illness 
including diarrhea and abdominal cramping (EPA, 2004). In young children and the 
elderly E.coli can produce more serious results, including hemolytic uremic syndrome 
(kidney failure). The allowed limit of total coliform in drinking water is 0 colonies/L 
(EPA, 2004). High levels o f coliform bacteria, trace elements and major chemicals were 
found in drinking water samples obtained from a fractured rock aquifer near Denver, 
Colorado (Hall and Johnson, 1979). An outbreak of viral hepatitis in Arkansas in 1971 
was traced through a shale and fractured sandstone aquifer to a residence where the 
occupants were previously ill with viral hepatitis (Craun, 1994).
Recent research indicates that groundwater can be impacted by pharmaceutical 
substances in wastewater effluent (Halling-Sorensen, et al., 1998; Sacher et al., 2001; 
Fisher and Borland, 2003; Godfrey, 2004), including antibiotics (McKeon et al., 1995; 
Teuber, 2001; Poté et al., 2003; Rysz and Alvarez, 2004). The introduction of antibiotics 
to a septic system has important consequences for bacteria living in the septic system, the 
soil underlying an adsorption system, and microbes in groundwater. Commonly 
prescribed antibiotics for both humans and animals include penicillin, tetracycline, 
sulfonamides, and trimethoprim (Teuber, 2001, Godfrey and Woessner, 2004). When 
antibiotics are used to treat a bacterial infection such as strep throat, a urinary tract 
infection or a gastrointestinal infection, harmful bacteria are killed by the antibiotic. 
However, some bacteria are exposed to, but not killed by the antibiotic, therefore the 
survivors are considered resistant. The resistance to antibiotics can then be transferred to 
other microorganisms via horizontal or vertical evolution (Toder, 2005). The bacteria 
with newly acquired antibiotic resistance travels from the human source through the
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septic tank, into the drainfield, where it may or may not be broken down by the on-site 
disposal system. If bacteria travel into the soil, they have the potential to pass acquired 
resistance on to other bacteria residing in the soil, perpetuating the resistance with 
unknown consequences. Recent work by Godfrey and Woessner (2004) found 
prescription and non-prescription compounds in liquid waste from septic tanks.
Previous Work:
Concern over a proposal to increase the number of houses and septic systems in a 
rural area located three miles southwest of Missoula (the Blue Mountain study area) and 
the discovery of elevated nitrate levels in groundwater monitoring wells drilled to assess 
predevelopment groundwater conditions (PCI consulting report, Appendix H), resulted in 
the Missoula City/County Health Department Water Quality District (MCCHD/WQD) 
initiating an evaluation of current quality and quantity o f groundwater in the Blue 
Mountain area.
The MCCHD/WQD concern stemmed from previous work conducted in the 
nearby Hayes Creek drainage. The Hayes Creek drainage, located 4 miles southwest of 
Missoula and one-mile southwest o f the Blue Mountain study area was first evaluated by 
the Missoula Public Health Department in 1982. Bayuk (1987), studied the hydrogeology 
o f the lower Hayes Creek drainage basin, as part o f his master's thesis (Figure la. lb). He 
documented low well yields and evidence of groundwater contamination by septic 
effluent. During his 1985-86 study, Bayuk (1987) found elevated level o f nitrate in the 
groundwater 26 to 952 times the concentration observed in Hayes Creek (Bayuk, 1987).
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He suggested structural controls and areas of low permeability most likely control the 
observed elevated nitrate in some parts o f the Hayes Creek drainage (Bayuk 1987).
In 1995 water quantity in the Hayes Creek drainage was reinvestigated by the 
Department of Natural Resources and Conservation (DNRC)as part o f a homeowner 
petition for controlled groundwater area status (Warren, 1998). Water levels appeared in 
decline, therefore permanent controlled groundwater area status was granted by the 
DNRC, A temporary controlled groundwater area was established in 1996 for the 
remainder o f the Hayes Creek drainage (Warren, 1998). Groundwater quantity was 
investigated again in 2 0 0 1  to determine the success or failure o f the controlled 
groundwater area and determine if a larger permanent controlled groundwater area was 
necessary to maintain groundwater levels (Johnson, 2001, Thompson, 2002).
Goals and Objectives:
In this study, I investigate the occurrence, transport, and fate of septic effluent in 
the hydrologie system o f a portion o f the fractured rock aquifer underlying the Blue 
Mountain drainage.
The specific objectives of the project are as follows:
❖ Create a geological framework for the Blue Mountain survey area using well 
logs and previous structural geology work;
❖ Establish a network of wells to assess the occurrence and movement of the 
groundwater system;
❖ Conduct general geochemical analyses of the groundwater system to 
determine impacted and natural groundwater conditions;
❖ Analyze native groundwater bacteria samples for antibiotic resistance;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
> Assess the impact of residential development on groundwater quality and the 
potential for future development.
s m m - k :
2 0 0  m iles
Figure la State o f Montana, Hayes Creek and Blue Mountain study areas located inside 
the red circle.
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SITE CONDITIONS AND BACKGROUND 
Geology of the Study Area:
The Blue Mountain study area encompasses approximately one square mile, and 
lies two miles southwest of Missoula, Montana. Blue Mountain and the Grave Creek 
Range form the southern boundary of the Missoula Valley (Figure la, lb). Precambrian 
Belt Supergroup bedrock described from the northern extent o f the Bitterroot Range, 
western Montana, including Blue Mountain, are metasedimentary, primarily argillite, 
quartzite, and siltite (Figure 2a, 2b). The Belt rocks do not appear to have primary 
porosity (Bayuk, 1987).
Blue Mountain and the surrounding Grave Creek Range were formed by the 
uplift, folding, and faulting of Precambrian Belt Series during the Late Cretaceous and 
continuing into the Early Tertiary (Hall, 1969, Winston, 1986b), The Belt rocks were 
downdropped along the northeastern side of the Missoula Valley (Hall, 1969). The Blue 
Mountain study area and the Grave Creek Range contain north-northwest trending high 
angle normal faults and folds, and accompanying thrusts (Hall, 1969).
In the middle Tertiary the Missoula valley filled with 30 cubic miles of erosional 
material from the uplifted areas and volcanic debris (Pardee, 1950; McMurtrey, et, al, 
1965) (Figure 3). Overburden covering the Belt series in the Blue Mountain study area is 
weathered Bonner Quartzite and Quaternary alluvial and coluvial fan deposits. These 
deposits are composed o f poorly sorted sand and gravel with some large cobbles and 
boulders and sand lenses. In the study area, the fan deposits thicken valley-ward with 
decreasing elevation. A thin layer o f soil covers portions of the Quaternary deposits the 
study area. During the Pleistocene, alpine glaciers dominated northwest Montana, and
10
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Glacial Lake Missoula inundated the Missoula Valley to the 4200 foot contour line (Hall, 
1969).
METHODS:
The following section describes the methods used to describe the occurrence, 
transport, and fate of septic effluent in the fractured rock system underlying the study 
site. My approach to this work included applying a variety o f methods to generate a 
geologic framework, define the occurrence, movement, and water quality of the fractured 
rock groundwater system, and an analyses of the fate of septic effluent in this setting. 
Septic System Locations:
In the Blue Mountain study area, each homeo'vner uses a septic system to treat 
domestic wastewater (Figure 4a).
S ou rce
W ell
S ep t ic
laaL .lOOfeet
A d so r p t io n  hy  soi  
bacteria
U n c o n s o l id a t e d  material:  
01 ,02 , or 03
B o n n e r  Q uartzite .  
fractured and fau lted
^Slotted 
interval o f  
w e l l  c a s in u
Figure 4a. Typical layout o f  an on-site  disposal sy stem
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Two homes in the Blue Mountain study area use a ring, or pit system, while new 
homes use a tiled drain field (Figure 4b). In Montana, homes with 1 or 2 bedrooms are 
required to have a 750 gallon septic tank, 3 bedrooms need a 1000 gallon tank, 4-5 
bedrooms require a 1500 gallon tank, and 6-7 bedrooms a 2000 gallon tank (Canter and 
Knox, 1985, Missoula City- County Health Code Regulation 1, 2004). I obtained septic 
permits from the City-County Health Department and mapped the placement o f on-site 
disposal systems relative to domestic wells.
Percolation tests in conjunction with constructing a soil profile are used to 
determine the soil type and to correctly size the drainfield. Drainfields in the Blue 
Mountain study area range in length from 100 feet to 300 feet depending on soil type. 
Montana regulations require that soil adsorption systems must be set back 100 feet from 
domestic and public water supply wells, 1 0 0  feet from surface water, 1 0  feet from 
property boundaries and 10 feet from foundation walls (Missoula City-County Health 
Code Regulation 1, 2004). On site disposal systems are prohibited where depth to 
groundwater is less than 6  feet below ground surface, on slopes greater than 25%, and 
where bedrock is less than 6  feet from the surface (Missoula City-County Health Code 
Regulation 1,2004, Circular DEQ 4, 2004).
Using a soil map o f Missoula County, obtained from the United States 
Department of Agriculture (USDA) Soil Mart (Figure 5 Table 1), 1 identified soil types 
underlying on-site disposal systems in the study area.
15
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Using percolation rates obtained from the Montana Department o f Environmental Quality 
(DEQ) Circular 4, and based on these soil types, I calculated the rate o f movement of 
septic effluent under unsaturated conditions. From these calculations, I attempted to 
identify areas o f concern, or areas where on-site disposal systems pose the greatest threat 
to drinking water wells.
Table 1; Soil Survey Key
M ap Sym bol Soil Name Depth (ft) USDA Texture Slope
16 Bigarm O to 11 gravelly loam 0 to 4%
11 t o l 5 very gravelly loam
15 to 40 V.gravelly fine sandy loam
40 to  60 extremely gravelly loamy sand
17 Bigarm Oto 11 gravelly loam 4 to 15%
11 to 15 very gravelly loam
15 to 40 v.gravelly fine sandy loam
40 to 60 extremely gravelly loamy sand
18 Bigarm Oto 11 gravelly loam 15 to 30%
11 to 15 very gravelly loam
15 to 40 v.gravelly fine sandy loam
40 to 60 extremely gravelly loamy sand
131 W inkler 0 to 8 very gravelly sandy loam 30 to 60%
8 to 25 very gravelly sandy loam
25 to 42 extremely gravelly sandy loam
42 to 60 extremely gravelly sandy loam
132 W inkler O to 8 very gravelly sandy loam 8 to 30%
8 to  25 very gravelly sandy loam
25 to 42 extremely gravelly sandy loam
42 to 60 extremely gravelly sandy loam
133 W inkler 0 to 8 very gravelly sandy loam
8 to 25 very gravelly sandy loam
2 5 t o 4 2 extremely gravelly sandy loam
42 to 60 extremely gravelly sandy loam
From Missoula County Area, K ontana-Part I Soil Survey, US DA
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Geologic Framework
Well logs, geophysical tools, and previous structural and bedrock geology maps 
were utilized to create the geologic framework for the Blue Mountain study area. Well 
logs, obtained from the Montana Ground Water Information Center provided the most 
information on the subsurface. From those logs, cross sections, 3-D images, and fence 
diagrams were constructed to identify depth to bedrock, depth to the water table, and 
bedrock stratigraphy. A geophysical survey was conducted using an EG&G SMARTEIS 
to identify depth to bedrock, independently o f drill logs. This survey also attempted to 
identify subsurface structural features, such as large-scale fractures and faults.
Occurrence, movement and quality of groundwater system
The Missoula Valley and surrounding area experiences a semi-arid climate. 
Rainfall averages 19.3 inches per year, with the most precipitation occurring in June (2.3 
inches) and the least amount o f precipitation in July and August (1.2 inches and 1.2 
inches respectively) (NO A A, 2000)(Figure 6 ). The average temperature in July is 64°F, 
the average temperature during January is 21°F, with periods o f extended cold (NOAA, 
2000)(Figure 6 ). Much o f the west, including Montana is currently experiencing drought 
conditions, due to below average snowpack in the winter and little or no precipitation 
during the summer. Lack o f precipitation, either in the form of snow during the winter or 
rain during spring and fall months has contributed to a decline in both surface water and 
groundwater levels. Groundwater, rather than surface water, is the predominate source of 
domestic and agricultural water for the Missoula Valley and the surrounding area, 
including the Blue Mountain study area.
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1:15,000
Figure 7a M ap o f  B lue M ountain  and H ayes Creek Study areas with s ta icturai features 
Strciim s, crecUs — ——  Roads, Highways N orm al F ault, dashed «  ticre in ferred
Rivers
All A rea W ellsO Strike-Slip  F au lt, dashed w here in ferred
■V A y
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A well network in the Blue Mountain study area was established using a county 
generated list of homeowners and obtaining permission to include an individual’s well as 
part o f the study (Figure 7a). Over thirty homeowners were asked to participate. 
Seventeen homeowners in the Blue Mountain study area chose to join the study 
(Appendix A). Two participants in the study had two wells on their property and gave 
permission to monitor both wells. A total of nineteen wells were used as the study 
network. In March 2005, eleven residents in the Hayes Creek study area were also 
included as part o f a comparison study. The nineteen wells in the Blue Mountain study 
area were surveyed for location and elevation by the Missoula County Surveyor. The 
eleven wells in the Hayes Creek area used elevation data reported by Bayuk (1987).
Water levels in the Blue Mountain Study area were obtained twice a month (June 
2004-April 2005), with the exception of November, December, and January when some 
wells were frozen shut. Depth to water was measured using a Keck ET 300-ft portable 
water level meter, and recorded in English units. The Keck ET 300 ft has gradations of 
1/100’. Water levels in the Hayes Creek drainage were measured in March and April, 
2004, and compared to water levels obtained by Bayuk (1987) and Johnson (2001). From 
water level elevations, potentiometric surface maps were created for 4 months of the 
study year 2004-05. Contoured hydraulic head maps were analyzed for general flow path 
direction and seasonal variation.
Two aquifer tests were conducted to ascertain aquifer properties, hydraulic 
conductivity (K, ft/day) and transmissivity, (T, ftVday) (Appendix B). The first test used 
three observation wells and one pumping well. The second test used one pumping well
23
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and the other well was a pumping and observation well. The data sets were interpreted 
using the Coo per-Jacob straight-line time-drawdown method for nonequilibrium radial 
flow in a confined aquifer (Fetter, 2001). From these aquifer tests I computed 
transmissivity and conductivity for the fractured rock aquifer assuming equivalent porous 
media. Then I computed hydraulic conductivity o f individual fractures using the 
application of the cubic law (Snow, 1969). The cubic law assumes laminar flow between 
smooth parallel plates is analogous to flow in an individual fracture (Snow, 1969). 
Hydraulic conductivity results from application of the cubic law were used to calculate 
the velocity and transmissivity o f individual fractures.
Geochemistry:
In the Blue Mountain study area, water quality samples were obtained from 13 
domestic wells, the Blue Mountain ditch and the Bitterroot River (Figure 7b). Samples 
were not obtained from six wells that were either used for irrigation, or did not have a 
pump. The samples were collected monthly, with the exception of the Bitterroot River, 
where samples were collected in August, September, October, March, and April.
Samples were collected from the Hayes Creek study area in March and April in the same 
manner as the Blue Mountain Samples.
To collect a sample from a domestic well, the well was pumped using an outside 
faucet or frost-free spigot and a hose. I ’he well was pumped until water samples 
registered a steady pH and temperature (Hanna Instruments HI-99101 pH meter). The 
HI-99101 is accurate to ± 0 .01 pH and ± 0.5°C / ±I .0°F. The amount of time necessary 
for the pH and temperature to stabilize varied with depth of the well and the pumping rate 
o f the system. Generally, shallow wells took 5 minutes to equilibrate; deeper wells 15
24
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minutes or more. The YSI 550-25 dissolved oxygen (DO) meter was used during the 
February, March, and April sampling. The YSI 550-25 is accurate to within ± 0.3mg/L 
or 2% o f the reading, whichever is greater. Water was collected in 60mL acid washed 
Nalgene bottles, one bottle for anions, another for cations, and a third for alkalinity. 
Bottles were rinsed three times with the sample water, then a sample was collected and 
stored in a cooler, transported to the Murdock Environmental Biogeochemistry Lab and 
placed in a refrigerator. In the field, a blank sample was obtained by uncapping a series 
o f lab filled bottles containing Milli-Q water, and exposing to the atmosphere for 
approximately fifteen minutes, then recapping the bottle. A duplicate field sample was 
collected every ten field samples to assess sampling error.
Major anions were analyzed with an ion chromatograph (IC) (Dionex DX 400 
with an AS 14 Analytical Column) using EPA method 300.0. Major anions included 
phosphorous, sulfide, chloride, nitrite and nitrate as nitrogen. Before running samples, 
each sample was individually filtered using a 0.22pm prefilter prior to deposition in test 
tubes for the 1C run. During the filtering process, a lab duplicate was created by splitting 
the contents of one sample into two new bottles. During the IC run, every ICf̂  sample 
was duplicated and run separately, followed by a laboratory blank. Every 20*̂  sample 
was duplicated and spiked with a lab standard, followed by an external lab standard and a 
lab blank (Appendix C).
Cation samples were analyzed using a Thermo-Jerrell Ash Inductively Coupled 
Argon Plasma Emission Spectrometer (ICP) using EPA method 200.15. This method 
uses an ultrasonic nebulizer to analyze trace metals, including arsenic, lead, calcium, 
potassium, and sodium. Each sample was filtered with a 0.22pm prefilter prior to
25
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analyses and every tenth sample was split into two samples as part o f quality control. 
Prior to analyses, each sample was treated with TMG nitric acid and TMG hydrochloric 
acid. Every 10^ sample was duplicated and spiked with known lab standards and 
followed by a laboratory reagent blank (LRB), a laboratory fortified blank (LFB) and a 
laboratory standard (Appendix D).
Alkalinity was measured by adding lOmL of sample water to a beaker containing 
75mL o f de-ionized water, and twelve drops bromcresol green-methyl red indicator, as 
per titration method 2320 (Clesceri, et al., 1998). The sample was stirred continuously 
with a magnetic stir rod while 0.16N sulfuric acid was titrated into the beaker until the 
color changed from blue to red. When the color remained red, the sulfuric acid titration 
was discontinued. Error associated with this method is ±10% (Clesceri, et al., 1998).
The final amount o f CaCOg in mg/L was calculated by subtracting the amount of 
titrations from the blank deionized sample from the final titration count. Ihen, 
bicarbonate (HCOj') alkalinity and carbonate (COj^-) alkalinity were determined using 
the 4 5 OO-CO2 titrimetric method for free carbon dioxide (Clesceri, et al., 1998). A blank 
deionized water sample was run every 10 samples and at the end of the sample run as 
quality control. A duplicate sample was also run every 10 samples. This method of 
calculating alkalinity was used for samples collected in June, July, and March.
Microbiology:
Bacteria samples were analyzed at the Missoula City/County Health Department 
(MCCHD). Each sample was collected in the same manner as the anion and cation 
samples, but deposited in 60mL sterile bottles provided by the MCCHD. These samples
26
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were kept in a cooler and run within 24 hours of collection in the health department lab. 
Samples were tested for the presence or absence of coliform bacteria using Colisure made 
by IDEXX Laboratories. Samples equilibrated to room temperature in the lab, then the 
content o f a colisure kit was added and the sample was incubated for 24 hours at 35°C, 
The color yellow/gold indicated a sample free o f total coliforms and E.coli, red or 
magenta samples indicated the presence o f coliform bacteria. A red or magenta sample 
that fluoresced indicated the presence of fecal coliform (Appendix E).
Larger volume samples (SOOmL) were also collected in sterilized bottles for 
evaluation o f naturally occurring groundwater bacteria and the presence or absence of 
antibiotic resistant strains under the supervision of Dr. William Holben of the Division of 
Biological Sciences at the University of Montana. Samples were stored at 4°C until they 
were diluted 1:10 using ImL o f the sample and 9mL of a phosphate buffer. Next, lOOpL 
of each diluted groundwater sample was plated on five types o f gridded agar plates: 
nonselective, ampicillin, tetracycline, trimethoprim, and erythromycin. The selective 
plates used a cyclohexamide R2A media plate to which the antibiotic was added. The 
non-selective plate also used cyclohexamide R2A and was a control. The goal was to 
have a total o f 250 agar plates. The agar plates were incubated in the dark at room 
temperature, 2T C , and after seven days bacterial colonies were counted and 200 colonies 
from each plate were transferred to a second set of gridded agar plates. The colonies on 
the gridded plates were allowed to incubate at 2TC  in the dark for seven days. After 
seven days, the gridded plates were scored according to growth. The data were used to 
identify antibiotic resistance at the community and population level (Appendix F).
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RESULTS:
Septic Systems:
In Montana, the setback distance of a septic system relative to a domestic well is 
100 feet. In the Blue Mountain and Hayes Creek study areas, no septic system is in 
violation of the setback regulation. The density o f septic systems in the Blue Mountain 
study area is approximately one system per 2.5 acres. In the Hayes Creek study area the 
density is approximately one system per 0.5 acre, and a community drainfield serves 15 
homeowners due to contamination issues during the early 1980’s, small lot sizes, and 
well setback distances (Harvala, pers. comm., 2005). According to researchers (Canter 
and Knox, 1985; Brendle, 2004; Wakida and Lemer, 2005) the density o f septic systems 
is the most important factor controlling groundwater contamination. In the United 
Kingdom researchers (Wakida and Lemer, 2005) found that lots smaller than 0.4 to 0.6 
hectares showed more impacts from on-site disposal systems than larger lots. Research 
conducted in a rapidly growing community south of Denver, Colorado, found that high 
density o f on-site disposal systems ( > 1  home/acre) resulted in elevated nitrate 
concentrations (Brendle, 2004).
Soil type and thickness of unconsolidated material or depth to bedrock, control 
the movement o f effluent into the groundwater system. Soils in the study area range from 
the Big Arm Gravelly Loam to the Grantsdale Loam and the Winkler Sandy Loam. The 
soil layer is no thicker than 10 feet throughout the study area. In the Blue Mountain area 
the thickness o f the unconsolidated material is 40 to 220 feet thick (Figure 8 ).
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In the Hayes Creek study area the Quaternary and Tertiary gravels are thinner 
and range from 35 to 60 feet thick (Bayuk, 1987). These sediments are confined to the 
northernmost portion o f the Hayes Creek study area. Thin soil cover and weathered 
exposures o f members o f the Mount Shields Formation are present in the remainder of 
the Hayes Creek study area.
The Big Arm Gravelly Loam, the Grantsdale Loam and the Winkler Sandy Loam 
are the three main soil types in both the Blue Mountain and Hayes Creek study areas.
The effluent application rate for loam ranges from 0.3 gpd/ft to 0.8 gpd/ft depending on 
the percentage o f gravel, sand, and/or clay in the loam (Missoula City-County Health 
Code Regulation 1, 2004). Using an average application rate o f 0.5 gpd/ft, and an 
average home size o f three bedrooms with 300 gpd delivered to the septic system, and a 
trench width of three feet, the average length of the drainfield, or soil adsorption system 
will be 180 feet (DEQ Circular 4, 2004).
Wastewater effluent moves through the soil adsorption system under unsaturated 
flow conditions, therefore the equation used to derive calculations o f effluent movement 
is a percolation equation, such as the Bauman-Schafer method (Bauman and Schafer,
1985). The percolation rate through silty clay loam, the predominant soil type in the Blue 
Mountain study area, is 0.02 to 0.03 inches per minute, or 2.4 to 4 feet per day. The 
average delivery of wastewater to the septic system is 50 ft^/day, therefore in one day the 
system adsorbs and treats an area between 13 ft" and 20 ft" of wastewater. Adsorption is 
crucial for the removal o f pathogenic bacteria. In areas with limited soil cover, the soil 
may not be able to properly absorb and effectively treat septic effluent, if the application 
rate is rapid (Canter and Knox, 1985). There is no direct correlation between thickness of
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soil cover and elevated nitrate or chloride levels in the Blue Mountain study area (Figure 
9). Slower rates o f septic effluent into the drainfield system result in the removal o f more 
pathogenic bacteria than rapid movement of septic effluent into the system (Canter and 
Knox, 1985).
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Geologic Framework:
Well log data from the Montana Groundwater Information Center, a geologic 
reconnaissance study, a geophysical survey, and two aquifer and pumping tests provided 
all the information related to the type of fractured rock aquifer. Cross-sections o f the Blue 
Mountain study area were constructed using well logs obtained from the Montana 
Groundwater Information Center (GWIC) to describe subsurface geology. Surfical 
geology was obtained by an investigation of a road cut, an exposed area o f Bonner 
Quaitzite in the Blue Mountain Recreation Area, and an area being excavated during 
construction of a business.
Unconsolidated material in the Blue Mountain study area includes weathered 
exposures o f the Bonner Quartzite (Q3), Quaternary sand and gravel (Q2), and recent 
Missoula Valley alluvium (Q l). The unconsolidated material ranges in thickness from 30 
feet near the Bitterroot River to 220 feet at the highest point in the Blue Mountain study 
area (Figure 10). Weathered Bonner Quartzite (Q3) occurs at higher elevations in the 
study area and does not contain enough water to sustain a domestic well. The thick Q2 
deposits occur in the center of the study area, and are composed of rounded boulders and 
cobbles, and alternating clay, sand, and gravel lenses. Towards the Missoula Valley, 
wells intercept the Ql sediment layer. Ql is predominantly recently deposited silts and 
clays o f the Missoula Valley. The three unconsolidated layers comprise a thick package 
of sediment and weathered rock and are expected to significantly retard the movement of 
septic effluent into the fractured quartzite of the Bonner Formation.
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Wells drilled higher on the slopes of Blue Mountain show depth to bedrock 
between 90 and 180 feet. Wells located near the Missoula Valley show depth to bedrock 
between 45 and 120 feet. Four wells are finished in the Missoula Valley Aquifer (Q l), 
fourteen wells in the study area are finished in the Bonner Formation quartzite and one 
well is finished in Quaternary fan deposits (Q2) (sand and gravel) (Figure 10).
For further investigation of the unconsolidated material (Q1-Q3), and as an 
attempt to locate depth to bedrock, I conducted a geophysical seismic survey in the area 
o f BM3 (Appendix G). An aquifer test was conducted using BM3 as a pumping well and 
I wanted to identify a possible flow barrier that prevented the pumping well from drawing 
water down in two of the three observation wells. For this investigation, I used the 
Geometries seismic exploration EG&G SMARTEIS for the seismic survey of a 5 acre lot. 
The geophysical data shows two layers near BM3, however the layers have velocities of 
saturated and unsaturated unconsolidated material and do not represent the boundary 
between the Quaternary (Q2) and the Precambrian Belt Supergroup. I interpreted these 
two layers to consist o f Quaternary fan deposits (Q2), becoming saturated with depth. 
Only one possible structural feature can be discerned from this data set. A possible fault 
is located 32 feet from the southern end of the geophone line, approximately 1/3 along 
the line (Appendix G). From the data, the fault can be interpreted as occurring after 
deposition o f the Quaternary but before the home was built on the site. This interpreted 
feature is near the location of the homeowner’s well, and may be the reason for a yield of 
15gpm while a close neighbor can only obtain 4gpm.
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The Bonner Formation member of the Belt Supergroup, is arkosic quartzite, pink 
to red in color, with prevalent cross-bedding, and bedding planes are marked by light 
green layers (Ross, 1963, Winston, 1986b). In the Blue Mountain study area the Bonner 
Formation strikes NW and dips 30° SE. Drill cuttings logged (Table 2) during the 
completion o f a new well, BM17, and surface reconnaissance in the study area confirmed 
Ross’(1963) descriptions o f the Bonner Formation. The well was drilled by Blackfoot 
Well Drilling using an air rotary drill rig.
Table 2: Log of drill cuttings from BM17, July 29-August 3, 2004
Begin drilling with a tricone bit
0-50ft large boulders, soil
5 0 -54A purplish brown clay and gravel
54- 58A brown clay, 1 0 % gravel and coarse sand
58 -7 8 fi brown clay, 25% pea gravel
78-85A pinkish clay, high water content
85-100ft pinkish clay, 1 0 %sand and fine gravel
100-11 Oft pinkish gravel, 15% clay, cemented
110-115ft pinkish clay, 25% pea gravel
115-135ft tan-yellow clay 1 0 % rounded gravel
135-159ft large quartzite boulders, 1 0 % sand
159-170 ft light pink gravel
170-180ft grayish pink gravel, 5% clay
180-200ft quartzite gravel with tan fragments, some gravel pieces are sub-angular
2 0 0 ft hit bedrock, Bonner Formation (quartzite), begin drilling open hole
2 2 0 ft hit water; 40gpm, static water level; 140ft.
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One road cut is present in the study area. The road cut is located on Highway 93, 
approximately a half mile south o f the study area. The outcrop is quartzite of the Bonner 
Formation; no water seeps were seen in the outcrop. A second outcrop of the Bonner 
Formation is exposed in the Blue Mountain Recreation Area. Fracture aperture and joint 
roughness coefficients (JRC) were logged for this outcrop (Figure 11 ). Fracture apertures 
range from 0.01mm to 1mm in width and have an approximate JRC of 8  on a scale of 1 
(smooth) to 20 (rough). Data from well logs, field analysis, and published descriptions of 
the Bonner Formation indicate that the type of aquifer underlying the study area is purely 
fractured rock aquifer with no primary porosity.
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Figure 11 Joint Roughness Coefficient (JRC). From Cook, 2003
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Hydrology, Hydrogeology, and the Well Network
Annual rainfall in Missoula County, recorded at the Missoula International 
Airport, was 18.73 inches during 2004 and 1.56 inches through May 2005. Precipitation 
for the study year 2004-2005 was above average through the month of September, then 
decreased to below average through February (Missoula International Airport, NCDC 
Weather Station) (Figure 12a, 12b). According to precipitation data from the National 
Weather Service, rainfall during the month of August, as recorded at the Missoula 
Airport was 2.96 inches, the 3̂  ̂wettest August on record. Rainfall recorded by a 
homeowner in the Blue Mountain study area totaled 1.74 inches during August. Error 
associated with precipitation gauge data is 2% (Winter, 1981). Snow accumulation in the 
Blue Mountain study area totaled 19.5 inches, which was reduced to a quarter o f original 
accumulation by February due to sublimation and melting. During July the mean 
temperature was 70°F and the mean January temperature was 22°F. An extreme high 
temperature of 100°F was recorded July] 7, 5°F below the record set in 1973. The lowest 
temperature of-9°F during the study period was recorded January 15, 24°F above the 
record set in 1957 (NCDC, 2005).
37
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Figure 12a Precipitation Recorded at the Missoula Airport, 2004-
2005
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Figure 12b Precipitation in Western Montana between 1895 and
2004
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During the study period, June 2004 through May 2005, water levels in 
participating wells decreased slowly during the summer months, with an increase in 
August. A significant amount o f rainfall during that month coupled with decreased lawn 
irrigation may have led to an increase in water levels (Figure 13). Wells in the study area 
showed increases o f almost 4 feet in bedrock wells and 0.7 feet in alluvial wells during a 
two week interval. During January 2005, a small runoff event occurred due to a sharp 
increase in temperature and clear skies. Weils finished in the alluvium of the Missoula 
Valley showed an increase in water level of 1.61 feet in one well (BMl 5) and an average 
rise o f 0.9 feet in the other four wells (BMl 1, B M l2, B M l3, B M l4). However, bedrock 
wells did not show a significant response to this melt event.
In the Hayes Creek study area, Bayuk (1987) found that recharge to the aquifer 
occurred via precipitation and seepage from Hayes Creek. Precipitation events in the 
basin during 1985 had little or no effect on the discharge o f Hayes Creek, indicating a 
high degree of interaction between the creek and the aquifer (Bayuk 1987).
Potentiometric surface maps created for the Blue Mountain study area (Figure 14) 
indicate groundwater flow is towards the Missoula Valley and the Bitterroot River, from 
the northwest, towards the southeast. A very steep gradient is present between wells 
finished at high elevation. The gradient flattens towards wells finished in the Missoula 
Valley. This pattern remains the same throughout the study period and does not show 
any seasonal variation in groundwater movement.
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Figure 13 Precipitation and water levels
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Wells finished in, or obtaining water from, the Missoula Valley Aquifer or the 
Bitterroot River alluvium are included in the potentiomelric surface map due to the 
hydrological association of the fractured rock aquifer with the valley sediments. It is 
unclear whether the Bitterroot River is being recharged by local groundwater, either from 
the Blue Mountain aquifer or the Missoula Valley aquifer, however it was assumed to be 
a gaining reach when constructing potentiometric maps. The Bitterroot Ditch that forms 
the eastern boundary o f the study area appears to be losing to the Missoula Valley 
Aquifer in the study area.
A potentiometric surface mapped by Bayuk (1987) (Figure 15a) and modified by 
Warren (1998) (Figure 15b), shows groundwater moves east and south through the Hayes 
Creek study area and towards the Bitterroot River and the Blue Mountain study area. 
However, a north-south trending normal fault bisects the flow of groundwater from the 
Hayes Creek study. According to Bayuk (1987), this fault represents an area o f low 
permeability. It appears water movement from the Hayes Creek study area is mainly 
towards the Bitterroot River. However, no wells are present between the two study areas 
to confirm or refute a hydrologie connection.
Average well yield in the study area is fourteen gallons per minute (gpm) (Figure 
16). The highest well yield is 40 gpm and the lowest well yield is five gpm. Two 
homeowners participating in the study use cisterns.
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Figure 16 Well Yield by Formation
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Results of the two aquifer tests showed transmissivities o f 21ft^/day and 25ft^/day 
(Appendix B) calculated using the Cooper-Jacob straight-line time-drawdown method for 
nonequilibrium radial flow in a confined aquifer (Fetter, 2001) and assuming equivalent 
porous media of 1%. Bayuk (1987) conducted several pumping tests in the Hayes Creek 
study area and used the Cooper-Jacob modified nonequilibrium equation to interpret his 
results. Bayuk (1987) found that the Mt. Shields 3 Formation, which underlies the Hayes 
Creek study area, has a transmissivity o f 350gpd/ft or 46.9 ftVday, similar in magnitude 
to the Bonner Formation. These values represent properties o f a purely fractured bedrock 
aquifer, and assume an equivalent porous media. Assuming a saturated thickness of 250 
feet, the calculated hydraulic conductivity ranges from 0 . 1  to 0.08 ft/day, and equivalent 
porosity is 1%, and a hydraulic gradient is 0 .1 , bulk groundwater velocities would range 
from 0 . 8  to 1 ft/day.
However fractured bedrock, such as the Bonner Quartzite, has no primary 
porosity, therefore, a more representative groundwater velocity is computed using an 
analyses o f flow in a single fracture (Snow, 1969; Jorgensen et al., 1998). The cubic law 
assumes laminar flow between smooth parallel plates as an analogy to flow in a single 
fracture. Using a fracture aperture range of lum to 1mm, and the fluid density and 
dynamic viscosity o f water at 10®C, the hydraulic conductivity o f fractures in the study 
area would range from 700 to 70,000 ft/day. The velocity o f  groundwater in such 
fractures, assuming a hydraulic gradient of 0.1, is 70 to 7,000 feet/day. These values are 
much higher than values compiled assuming equivalent porous media conditions.
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Velocity o f groundwater in fractures in the Bonner Quartzite can be rapid (7,000 ft/day), 
therefore advection most likely controls the movement o f contaminants.
Geochemistry:
The geochemistry o f groundwater is a result o f interaction with the lithofacies. 
Major ionic species, Na, K, Ca, Mg, Cl, CO3, HCO3 and SO4 were plotted on a piper 
diagram (Piper, 1944) (Figure 17) and stiff diagrams (Stiff, 1951) (Figure 18) for the 
study areas. These analyses show groundwater in the Blue Mountain study area is a 
predominately calcium bicarbonate type. Stiff diagrams plotted at well locations show 
most groundwater is predominately calcium bicarbonate type, two are dominated by 
calcium and magnesium, and two are considered mixed in composition. Bayuk (1987) 
found that groundwater in the Hayes Creek study area to be predominately calcium- 
bicarbonate type, with a few wells of magnesium-bicarbonate and calcium chloride type.
Previous geochemistry sampling in the Blue Mountain study area was conducted 
in the spring of 2003 by Professional Consultants Inc. (PCI), to investigate groundwater 
conditions in preparation for a proposed subdivision (Sec.2, T12N, R20W, Packwest 
Addition on the northwestern side o f Blue Mountain Road, between BMIO and BM14). 
PCI found nitrate levels o f  6  mg/L as nitrogen and 15.5 mg/L as nitrogen in groundwater 
samples from two out o f three monitoring wells drilled and finished in Q2 deposits in the 
Blue Mountain study (Appendix H).
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Background nitrate (N O 3-N ) values for the Missoula Valley alluvium range from 
0.4mg/L (Clark, 1986) to 0 .8 mg/L (King, 1996). Nitrate values from a bedrock aquifer in 
the Gallatin Range were less than 2mg/L (Kendy, 2001). Bayuk (1987) found 
background nitrate levels to range from 0.3 mg/L-N to 0.7 mg/L in the Hayes Creek 
study area. During the course of the current study, elevated levels o f nitrate (above 0.5 
mg/L) were found in eleven wells in the Blue Mountain study area (Figure 19). The 
highest nitrate concentrations in the Blue Mountain study area were found in BM7 (7.2 
mg/L), BM9 (4.1 mg/L), and BMIO (6.5 mg/L). Several other groundwater well samples 
show slightly elevated levels o f nitrate. No wells in the Blue Mountain study area had 
values above the EPA limit o f 10 mg/L-N.
Chloride levels in the Blue Mountain Study area were also evaluated as indicators 
o f septic system impacts. A background chloride value of 1 Omg/L was determined based 
on previous work in the Missoula Valley (King, 1996) and Hayes Creek (Bayuk, 1987). 
In general, chloride values for the Blue Mountain study area are moderately elevated.
The lowest chloride value o f 1.2 mg/L was obtained from BM19. The highest chloride 
values were found in BM9 (31.3 mg/L), BMIO (37.4 mg/L), BM16 (35.3 mg/L), and 
BM22 (21.7 mg/L). Surface water samples taken from the Bitterroot River and the Big 
Flat Ditch are 0.03 and 0.3 mg/L, respectively for nitrate, and 1.7 and 3.3 mg/L, 
respectively for chloride. These values are not representative o f groundwater in the Blue 
Mountain study area and were therefore not considered background levels for the area.
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Figure 19 Chloride and Nitate Averages 2004-2005
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The relative concentration of average nitrate to chloride values for each sampling 
site was plotted and with the exception of BM7, there appears to be a direct correlation 
between elevated nitrate and chloride levels (Figure 20). Two distinct trends are apparent 
in the graph: the majority o f  domestic wells in the study area plot in a group near the 
origin, while five wells are located near the outside edges. The spatial distributions o f 
nitrate and chloride values show values to do not increase down gradient (Figure 21). 
Wells finished in the Missoula Valley alluvium (Q3), BM H , BM14, and BM15, had 
lower average chloride and nitrate values than wells finished in Belt series rock. Five 
homes, BM7, BM9, BMIO, BM16, and BM22 show elevated chloride and nitrate values. 
Elevated levels o f  nitrate and chloride are common in areas where on-site disposal 
systems are the primary means of effluent treatment (Thomson, 1983; Tinker, 1991 ; 
Foppen, 2002; Brendle, 2004; Wakida and Lemer, 2005) and these results indicate 
groundwater is impacted by effluent from on-site wastewater disposal systems.
Figure 2 0  Ratio o f  Nitrate to  Chloride
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The Hayes Creek drainage, originally studied by Bayuk (1987) was reinvestigated 
to assess conditions and evaluate similarities and differences o f groundwater conditions 
in the two neighboring areas. In the Hayes Creek study area nitrate and chloride are 
elevated; wells show nitrate levels above the EPA standard of 1 Omg/L as nitrogen (Figure 
22). The highest nitrate coneentrations in the Hayes Creek study area were in samples 
from H C ll (8.2mg/L), HC13 (11.2mg/L), and HC31 ( 11.6 mg/L). These values suggest 
that impacts to groundwater from septic effluent is more pronounced in the Hayes Creek 
study area, than in the Blue Mountain study area. Two wells monitored by Bayuk (1987) 
are included in the current study. Nitrate and chloride values appear to have increased 
significantly over the past 20 years based on samples collected by Bayuk (1987) and the 
results o f this study (Figure 23). In March 1986, HC5 had a chloride value of 5.2 mg/L 
and a nitrate value of 1.5 mg/I.. Samples collected in March, 2005 show a dramatic 
increase in chloride 56.5 mg/L and nitrate 6.5 mg/L. HC 16 also showed significant 
increases in nitrate and chloride. Nitrate went from 0.3 mg/L in 1986 to 0.8 mg/L in 
2005 and chloride went from 1.1 mg/L in 1986 to 30 mg/L in 2005.
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Figure 22 Hayes Creek Nitrate-N and Chloride, March 2005
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Microbiology
Coliform bacteria, which occur naturally in soil and wastewater were found in 
study wells in the Blue Mountain and Hayes Creek study areas. Fecal coliform were only 
found in samples obtained from the Bitterroot River and the Big Flat Ditch. Three wells 
in the Blue Mountain study area (BM l, BM2, and BMl 1) tested positive for coliform 
bacteria on a consistent basis, seven wells (BM3, BM7, BM9, BMIO, BM15, B M l6 , and 
B M l8 ) tested positive at least once during the sampling period, and three wells (B M l7, 
B M l9 and BM22) never tested positive for coliform bacteria (Figure 24). Three wells in 
the Hayes Creek study area (HC40, HC46, and HC47) also tested positive for coliform 
bacteria.
The Dr. William Holben’s Laboratory in the Department o f Biological Sciences at 
the University o f Montana tested over 140 agar plates derived from surface water and 
groundwater samples from the Blue Mountain study area for bacteria resistant to four 
common antibiotics; ampicillin, erythromycin, tetracycline, and trimethoprim. At the 
community level, three wells (BM l, BM2, and BMl 1) contained bacteria resistant to 
tetracycline. In samples cultured from BM2, 1% of colonies grown were resistant to 
ampicillin, 1 % were resistant to erythromycin, 1 % were resistant to trimethoprim, and 
0.42% were resistant to tetracycline. These percentages represent large numbers. Such as 
for every 1 0 0 0  colonies grown on a non-selective plate, 1 0  colonies grew on a 
tetracycline plate.
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Figure 24. Spatial distribution of coliform bacteria, symbols located over well location, 
number represents well ID.
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At the population level, sample BM 11 had 70% o f colonics grown show 
resistance to four antibiotics, 16% to three antibiotics, 3% of all colonies resistant to two 
antibiotics, 1% resistant to one antibiotic, and 1 0 % of colonies grown were killed by all 
four antibiotics (Figure 25a, 25b). Samples from BMl and BM2 also show high levels of 
bacterial colonies with resistance to all four antibiotics, 40% and 43%, respectively.
These three samples have bacterial colonies with the highest degree o f resistance to 
common antibiotics. In contrast, 30% of all colonies in B M 3,45% o f all colonies in 
BMl 2, and 40% of all colonies in BMl 6  were not resistant to any o f the four antibiotics.
Comparison of nitrate and chloride values with results from Dr. Holben’s lab 
show no direct correlation between elevated nitrate and chloride and a high degree of 
antibiotic resistance (Figure 26). BM7, BM8 , and BM9 have the most elevated nitrate 
and chloride values in the Blue Mountain study area, however, 1.3% o f bacterial colonies 
grown from BM7 are resistant to all four antibiotics and 2.5% of colonies from BM9 
samples are resistant to all four antibiotics. These wells do have a large amount of 
bacteria with resistance to three antibiotics, but not at the level o f BMl 1, BM l, and BM2.
DISCUSSION:
Areas once considered rural, are quickly becoming suburban areas. The density 
o f on-site disposal systems increases proportionally with well development, often with 
negative impacts on sources o f  drinking water. The Blue Mountain study area is an 
example o f an area experiencing growth. Current housing density in the Blue Mountain 
study area is one home every one to five acres. Groundwater samples obtained from
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drinking water wells show that groundwater quality is impacted by septic effluent. The 
occurrence, transport and fate o f groundwater and possible contaminants through 
fractured rock is difficult to characterize, especially without the use o f tracer experiments, 
borehole investigations, or large-scale geophysical surveys.
Wells in the Blue Mountain area are finished in a fractured bedrock aquifer and 
well yields are low to moderate. The average well yield is 15gpm for wells finished in 
the Bonner Quartzite. Low well yields are most likely due to construction in an area with 
low fracture connectivity or bedrock that is not highly fractured. Higher well yields 
indicate placement of a well in an area of highly fractured rock or a high degree of 
fracture connectivity. Drawdown of groundwater indicates withdrawal is greater than 
recharge during the summer months. Recharge o f the groundwater system occurred 
during August and wet fall months where precipitation events were substantial. At this 
time and current housing density, annual groundwater withdrawals do not appear to 
exceed recharge from precipitation.
Historically, groundwater withdrawals exceeded recharge in the Hayes Creek area 
(Bayuk, 1987; Warren, 1998, Johnson, 2001). In 1995 the homeowners petitioned for 
and received permanent controlled groundwater area status. Water levels appear to be 
rising, possibly due to the closure of the basin to new wells or homeowner conservation 
o f groundwater.
Groundwater movement in the Bonner Quartzite, as calculated from aquifer test 
results show that transmissivity values are similar to observed values in the Mount 
Shields 3 argillite o f the Hayes Creek study area (Bayuk, 1987), the Precambrian bedrock 
underlying the Jocko Valley (Thompson, 1988), and Precambrian rock underlying the
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Missoula Valley (McMurtrey, at aJ., 1965). Storativity is very low as indicated by rapid 
fluctuations in water levels following precipitation events and aquifer tests. Aquifer tests 
also show that wells located more than 1 0 0  feet from producing wells are not connected 
along fracture or fault system. Wells in the study area tap into different fracture, joint, or 
fault sets.
Groundwater pollution in the Blue Mountain study area appears localized with 
on-site waste disposal systems the most likely contributor to elevated nitrate and chloride 
levels. Samples from eleven wells in the Blue Mountain study area contained elevated 
levels o f nitrate and chloride. Nitrate and chloride levels do not appear to increase along a 
flow path. Wells BM7, BM9, and BMIO all have elevated levels o f nitrate, but each of 
these sites are not located near each other, or even along the same flow path. BM 3, a 
close neighbor o f BM 7 does not show elevated levels o f nitrate and chloride, nor does 
BMl 1 located downgradient. The heterogeneous nature o f the fractured rock aquifer 
most likely controls the non-linear distribution of contaminants.
A thick package of unconsolidated sediments appears ineffectual at filtering and 
treating septic effluent. A study in Yemen (Foppen, 2002) found elevated levels of 
nitrate (14 to 42mg/L) and chloride (3 to lOmeq/L) in an area underlain by over 650 feet 
o f unconsolidated Quaternary alluvium and 2500 feet o f Tertiary basalt. Sewage ponds 
and pit latrines are used for waste water disposal in Sana’a, Yemen (Foppen, 2002). 
Results from this study (Foppen, 2002) show that thickness of unconsolidated material 
may be negligible in controlling and treating septic effluent. In the Blue Mountain study 
area, the unconsolidated material does not appear effective in the remediation of septic 
effluent prior to the geologic contact with the Bonner Quartzite.
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At the time of the study, no domestic well in the Blue Mountain study area 
exceeded any of the EPA standards for inorganic contaminants and fecal coliform was 
not detected in any of the participating wells. Isotopes o f nitrogen are often used to 
identify sources o f nitrate and in groundwater (Aravena, et al., 1993, Battaglin, et al., 
1997). Nitrogen isotopes can identify whether the source o f nitrate is a leaking septic 
tank, fertilizer, or a nearby feedlot. In the study area, no feedlots or concentrated 
agricultural areas exist. Therefore, nitrogen isotopes were not used to identify nitrate 
sources.
The presence o f antibiotic resistance in bacteria obtained from groundwater is of 
concern. Natural antibiotics are naturally occurring metabolites, produced by various soil 
bacteria. For example the genus Bacillus produces bacitracin, pumulin, and tyrocidin 
(Toder, 2005). Actinomycetes produces streptomycin, erythromycin, and aurcomycin 
(Toder, 2005). Several soil bacteria such as Actinomycetes and Bacillus metabolize 
numerous antibiotics routinely used by humans, while the bacteria Pseudomonas has a 
natural resistance to antibiotics. Previous research has focused on antibiotics found 
downgradient o f feedlot operations (Krapac, et al., 2004, Teuber, 2001) and wastewater 
treatment facilities (Sacher, et al., 2001, Fisher and Borland, 2002, Kelch and Lee, 1978). 
The movement of bacteria through an on-site disposal system, designed to filter out 
pathogens, then though 50 to 200 feet of clay, silt, and loam, finally into a fractured rock 
aquifer system, with the ability to resist commonly prescribed antibiotics is significant. 
Every bacterium with resistance to an antibiotic has the capacity to pass that resistance on 
to each colony in contact. Antibiotics select for resistance, therefore individuals
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consuming antibiotics for one bacterial infection, may create resistance in another type of 
bacteria living in proximity.
Work done near Denver, Colorado, found that housing densities of one home per 
acre had levels o f nitrate and chloride nearly three times that of one home every five 
acres due to density o f on-site wastewater systems (Brendle, 2004). In the Blue 
Mountain study area, the density o f houses is approximately 1 home every 2.5 acres. The 
corollary is one well and one on-site disposal system per 5 acres. At the time of the 
current study, this density appears sufficient in controlling loading of septic waste to the 
groundwater system. The mandatory setback distance of 100ft between domestic well 
and on-site disposal system is evident on every property in the Blue Mountain study area. 
No well or disposal system is in violation of this rule. In addition, no on-site disposal 
system is in violation o f the recommended 6 ft depth between bedrock and the base o f the 
drainfield trench.
The Hayes Creek area, just south of the Blue Mountain study area was also 
developed with on-site disposal systems and wells are finished in a fractured rock aquifer. 
However, the housing density in the Hayes Creek area is greater than the Blue Mountain 
area. In Hayes Creek the density is one home every half-acre and fifteen residents use a 
community drainfield due to previous groundwater contamination issues and limited 
space (Harvala, pers. comm., 2005). The high density o f homes in the Hayes Creek area 
and the community drainfield, located upgradient from the majority of domestic wells is 
the most likely explanation for dramatic increases in nitrate and chloride between 1986 
and 2005 in that area. Two wells in the Hayes Creek area have nitrate levels that exceed 
the EPA limits for groundwater. The density o f homes in the Hayes Creek study area.
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coupled with very limited soil cover, is the most likely reason for high nitrate levels. 
Based on potentiometric surface maps for the two study areas, groundwater movement in 
the Hayes Creek area is from the highlands to the southwest, across the study area and 
then downhill towards the Bitterroot River. Groundwater in the Blue Mountain area 
moves from the west and northwest towards the Missoula Valley. No definitive 
hydrologie connection appears to exist between the Hayes Creek and Blue Mountain 
study areas because no wells are located between the two areas. Geochemical maps from 
the Blue Mountain area, coupled with potentiometric surface maps, suggest it is highly 
unlikely that septic effluent is moving from the Hayes Creek study area to the Blue 
Mountain study area.
Rates and movement of contaminant transport in fractured rock are poorly 
understood, difficult to quantify, and are variable over small areas (Endo et al., 1984; 
Cook et al., 1996; Fetter, 1999; Keller, et al., 1999; Cook, 2003). Large fracture apertures 
(1mm) and high groundwater velocity (70-7,000 ft/day) in the Bonner Quartzite likely 
distribute the impacted groundwater rapidly once it reaches the fractured rock aquifer.
CONCLUSIONS:
Contamination of groundwater by on-site disposal systems is not endemic to the 
Blue Mountain study area (King, 1996; Kendy, 2001 ; Hewitt, 2004) or to western 
Montana (Tinker, 1991; Thiros, 2003; Brendle, 2004) or the United States (Foppen, 2002; 
Wakida and Lemer, 2005). Fractured rock aquifers, including the aquifer underlying the 
Blue Mountain study area appear vulnerable to contamination even when existing design 
and density regulations are met.
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In the Blue Mountain study area, groundwater samples collected from domestic 
wells show that 65% of wells in the study area are impacted by septic effluent. Coliform 
bacteria were present during at least one sampling interval in 87% of sampling wells. A 
degree o f antibiotic resistance was identified in all participating wells and surface water 
sites. The identification o f specific multiple or isolated sources o f contamination was not 
feasible in this study. This is partly due to the complexity of the underlying fractured 
rock aquifer and an inability to trace effluent from individual septic systems to domestic 
wells.
Future development in the Blue Mountain study area, and other regions underlain 
by fractured bedrock, should evaluate current groundwater chemistry and assess the 
complicated characteristics of fractured rock aquifers before increasing the density of 
residences, wells, and on-site disposal systems. Commonly applied equations to compute 
transmissivity and hydraulic conductivity inappropriately assume equivalent porous 
media for fractured rock aquifers. Subsequent interpretations of groundwater velocity, 
may underestimate the timing and magnitued of groundwater.
Future work is needed in the Blue Mountain study area to completely understand 
the role o f the unsaturated layer in movement o f septic effluent from tiled drainfields to 
the underlying fractured bedrock aquifer. Multiple tracer tests are needed to determine 
the rate and amount of groundwater flow through the un saturated layer and the fractured 
bedrock. The construction o f uncased bedrock monitoring wells would also be helpful in 
identifying fracture sets, the degree o f fracture connectivity, and hydraulic conductivity 
o f individual fractures during aquifer tests. Further work is also necessary in the area of 
antibiotic resistance among native groundwater bacteria to determine the source of
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antibiotics and impact on humans consuming the affected groundwater. Further work is 
needed to determine the effectiveness of current permitting standards in areas underlain 
by, and obtaining water from, fractured bedrock.
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Appendix A-1 : Blue Mountain Sample ID
Elevation, northing and easting, o f well casing was taken by the Missoula County surveyor during the study period with the exception 
of B M l, BMl 8 , BM21, and BM22. I estimated the elevation of the well casing for these wells based on topographic maps. Water 
level elevation was taken by removing the well top and taking a reading from the survey point at the top of the casing during each 
sampling interval using the Keck 300ft ET portable water level recorder. Water levels in BMl 1, BMl 8  and BM22 were taken by 
inserting the water level probe through a port in the top of the casing. Accuracy of the water level recorder is within 1/100’.
Blu« M ounuin  B tm ple  10 W at«r E tavation In m aan feat ab o v e t e a  level (m aaau red  from m eaaw ring point)
ID L a s t N am e MBMO ID A d d re s s N o rih ln g E a s t in g E le v a tio n  o f c a s in g
mi
mp* 8/12 /04 7/16/04 8/12/04 8/31/04 9/18 /04 9/30/04 10/14/04 10 /26/04 11 /16/04 12/16/04 1/21/06 2 /3 /06 2/16 /06 3/16 /06 3 /2 9 /0 8 4 /2 6 /0 8
BM l Alien 671 1 0 527 5  F o re s t Mill Ln 3290* NA
BM2 B edarudd ln 67081 5250 F o re s t Hifl Ln 97 0 8 8 4  42 821419 3311 17 NA
8M 3 B arthel 205666 4 975  E v e rg reen  Rd 97 5 8 5 6  17 02 1 6 2 9  81 3183 76 to o  ol c a sin g 314 3  25 3142 26 3137 .88 3141 .33 3144 91 3144 47 3 1 4 6  1 3 1 4 6 0 1 31 4 5 .7 0 3 148 .16 3 1 4 6 .se 3 146  66 3142 .07 3130,61 3 1 4 6 8 7 3144 30
6M 4 Bttterroot Rfver «  MacJa'y F lat NA
0M a Often Inlet Buck h o u se  Ln 672836  42 82 4 3 8 9  22 3 1 2 7 1 3 top ai 
culvert
3121 77 3121 35 3121 .36 3121 27 3121 21 3121 26 3121 «24
BMS Ditch O utlet B u ck h o u se  Ln 9 7 2 6 9 6  22 8 24335 .4 312 6  6 9 3122 69 3123 .19 3122 76 3122 .38 3 120  04 3121 .32 3121 36 312 1 ,3 9 3121 27 3121 .34 3121 .29
BM7 E d o n  H ouee 670 7 8 505 5  E v e rg reen  Rd 67 1 5 8 8  7 82 1 9 0 8  31 317 7  56 lop  of c a s in g 3 137  17 3133.26 3 1 1 4 9 9 3138 ,47 313 0 .0 3139.01 3 1 1 0 7 8 314 4 .9 9 3129 .69 3140 ,20 31 2 9 .8 9 3139 7 3 1 3 9 6 2 3139 .74
BMfl E cto n  Field 67109 513 5  E v e rg re e n  Rd 9 7 1 3 7 3  09 82 2 1 5 7  29 3182 .99 lop  of casing 3131 86 3 130  76 3125.61 3130.37 3132.06 3132 .03 3132 .73 3 1 2 3 0 6 3133 .65 3133.81 31 2 4 .4 6 3133 52 3133 .75 313 3  50 313 3 ,1 4
8M 9 Highiovtror 706263 5055 F o re s t Hid Ln 97 1 6 8 3  45 82 1 5 8 9  71 3 2 3 5  63 lo p  01 casing 3148 64 3 148  32 3143 .03 3 i4 7 .e e 3148.67 3148 .28 3149 .18 3 1 5 0 7 1 3 150  82 3150 ,39 3150 .03 31 5 1 .4 8 3151 .20 3151 .35 31 5 1 .1 9 3150  58
8 M 10 K enyon 173655 4 755  E v e rg reen  RO 672768  03 022901 08 3191 74 lop  of c a s in g 3 1 1 2 9 4 3090 ,04 3116 .83 3117 .69 3119 .59 3119 .00 3 1 1 9 ,5 9 3 1 1 6 5 0 3119 .17 3118 .34 31 1 9 .2 9 3100 .27 311 9 .1 3 3 1 1 9 0 0 311 8 .9 0
B M n Linjele 671 2 2 490 0  B lue M ountain 
Rd
672877  99 62 4 2 7 5  94 3131 12 lop  port 3 1 2 2 6 3 3121 17 3120 ,43 3121.15 3121 IB 3121 32 3120 .78 3 1 2 0 7 4 312 0  62 3121 .56 3120.71 31 2 0 .3 9 3120 .57 312 0 .1 2
B M f2 L o W s  N o ah 212039 494 9  B u ck h o u sé  Ln 9 7 2 8 3 6  03 82 4 2 0 0  22 3132 to p  of casing 3120.04 3121 1 3 120 ,3? 3121.1 3121 13 3121 ,26 3120 .72 3 1 2 0  66 3 120  59 312 0  54 3120 3 1 2 0 6 7 3120 .36 312 0  5 3 120  40 3120 .05
B M f3 L oren 's S o u th 206965 4950 B u ck h o u se  Ln 972601 96 824152  12 3133 38 lop  of casing 3122 74 3121 28 3121 57 3121-25 3121 28 3121 .44 i 3 l 2 0  08 3120 S3 3120 .73 3120 .7 3 123  68 3120 8 312 0  52 3120  64 312 0  57 31 2 0 .9 6
BM 14 M ercer 180940 4 5 7 5  T iberius Dr 973462  73 82 3 3 4 6  26 3127 38 lo p  of casing 3119 88 3116 36 3 1 1 0 3 8 3109.48 3117 .48 3116 .43 3116 .03 3117.93 3117 68 31 1 7 .7 8 3118.01 31 1 7 .9 6 3117 ,00 3117 .70 3117 73 3 1 1 0  03
BM 16 M issou la  P ow er 5275 M w y 9 3 S 670721 22 62 2 9 3 0  26 3 1 3 6 6 1 top  of casing 3127 .22 3124 96^ 3120.21 312 4  86 3124 78 3124 41 3124 71 3124.81 3124 .73 312 4  77 3126-22 3124 .93 3124.31 3124 8 3 1 2 4 .5 6 3 1 2 5 .5
BM 16 Paiflc* 67080 5 1 0 0  E v e rg re e n  R d 971 3 9 6  05 022471 .37 3174 59 top  port 3074  69 312 7  82 3128 12 3130.34 3 129  49 312 9  98 313 0  03 3 1 3 0 7 2 3 1 3 0 4 9 3 130  22 3 1 3 0  41
BM17 R o b erts 5187 F o resi HiH Ln 671 0 8 6  69 02 1 077 .76 3209 4 top  of casing 312 2  65 3119.73 3132 .45 3132 3131 82 3132.5 3132 ,72 313 3  4 3133 09 3 1 3 2  75 3 1 3 2 0 1
BM 18 S c o tso r 5 265  F o re s t Hill Ln 670705.1 022036  9 3195 top of casing 313 7  04 3122,18 3126 87 312 2  46 3123 02 312 7  27 3128 19 312 8  24 313 0  5 3 1 3 0  00 3130 ,04 3 1 3 0  19 3 1 2 8 2 5 3129.11
6M 19 139856 5300  S  W o m alh  Rd 970 6 5 3  57 62 2 6 1 2  59 3162 71 NA 3120 33
BM 20 S hap iro , Mike 203560 4965  E v e rg reen  Rd 972 1 2 3  31 02 1 6 5 7  63 3187 08 to p  Of c a s in g 3135 08 3137.7 3 163  34 315 3  58 3154 72 3153 .80 3154 01 3154 .18 3153 03 315 3  69 3137 ,78 3 1 5 3 5 3153 28 3145 58
BM21 S hap iro . JeM 213351 4 8 5 5  E v e rg reen  Rd 3 1 8 2 ' lop of casing 3146 26 3146 5 3 149  64 314 8  61 3148 93 314 9  1 3148 85 3 1 4 8 0 1 313 2  7 3148 42 3146 2 3143  02
BM 22 S chw artz 132415 4005  N W om aih  Rd 3180" (in b asem en t) lop porl 3126  73 3126 6 1 1 2 6 2 5 3 1 2 6  1
3.
3"
CD
CD■D
O
Q.C
a
o
3
■D
O
CD
Q.
■D
CD
C/)
C/)
-J
--J
*m p  rep resen ts th e  m ea su r in g  p o in t
N A  in d ic a te s  that a w a ter  le v e l w a s not o b ta in ed  at th is s ite , e ith er  d u e to  a m a lfu n c tio n in g  w a ter  lev e l probe or the w e ll w a s not c o n stru c ted  at the t im e , or  in the  
c a se  o f  the B itterro o t R iver, B M l .  B M 2 , and B M l 9  no m ea su rem en t w a s taken.
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)W
o'3
O
8
ci'
Appendix A-2: Hayes Creek Sample ID
Elevation of participating wells taken from Bayuk (1987). Water elevation was obtained in the same manner as in the Blue Mountain 
study area. Water levels from 1985/1986 (Bayuk 1987), 1997 (Warren, 1998), and 2001 (Johnson, 2001) are also included.
W ater E levation
3.
3 "
CD
CD■D
O
Q .C
a
o
3
■D
O
CD
Q .
cc
ID Last Name MBMG ID Address Elevation of 
casing (ft)
mp* 4/26/2005 3/15/2005 11/10/2001 1997 3/17/1986 11/4/1985
HC3 Boddy 17199 5375 Skyway Dr 3445 na na 3345.5 3365 3371.76 3366.5
HC5 Odegard 67199 7385 Beryl Dr 3402 na 3333.23 3294.98 na 333835 3283.9
HC11 Prideaux 7150 Devonshire Ln 3399 na na 3290.55 na 3319.64 3301.21
HC13 D'Andraia 7200 Devonshire Ln 3397 Top of casing 3287 2 na 3289.98 3307 3320.32 3302.54
HC16 Batchelder 7350 Devonshire Ln 3391 na 3306.25 na na 3331.74 3320.35
HC18 Dewey 7315 Beryl Ln 3391 na na 3322.75 3322.75 3340 26 3330,31
HC31 Lavrey 67148 5545 Skyway Dr 3382 Top of casing 3248 5 3246.85 3239 3257 3275.89 3263.9
HC40 Johnson 5875 Hwy 95 S 3180 na 3125.31 na na 3126.23 3125.98
HC44 Reneau 67144 5425 Skyway Dr 3393 Top of casing 3306.88 3309.85 3298.5 3298 na na
HC45 Osellame 134190 5540 Skyway Dr 3375 Top of casing 3251.9 3245.71 3232.75 na na na
HC46 Lund 5650 Hayes Creek 3180 Top of casing na 3126.62 na na na na
■D
CD
C/)
C/)
*m p  rep resen ts  the m e a su r in g  p o in t from  w h ic h  th e  w ater le v e l w a s  taken
na in d ica tes  that a w ater  le v e l w a s  not ob ta in ed  d u e  to  a m a lfu n c tio n in g  p rob e  or  in a b ility  to  rem o v e  the w e ll cap . H C 4 4 , H C 4 5 , and  H C 4 6  w ere  not c o n str u c ted  
du rin g  B a y u k 's  w ork  in 1 9 8 5 -8 6 .
Appendix B; Methods and results o f two aquifer tests.
I conducted two aquifer tests; the first used three observation wells (BM20, 
BM21, and a well not in the study) and one pumping well (BM3). The three observation 
wells were 10.5, 267, and 367 feet away from the pumping well. The pumping well was 
pumped for 30 minutes at a constant rate of 10 gpm. The observation well 6  feet away 
showed a water level drop of 35 feet during the 30 minutes, while the observation wells 
267 and 367 feet away showed no response to the pumping. Recovery in the observation 
well 10.5 feet away took more than 1 hour to fully recover to pre-pumping levels.
Aquifer/Pum p T est #1 Drawdown R esu lts
1
I ♦  Observation 
j« B M 2 0
Time (minutes)
10
' —* A---- # -
100
4-
ho-h=l4ft
A * -A- A A A A
-4---- - 4 - 10
16
25
30
35
4 0
To interpret the results of the pump test the Cooper-Jacob straight-line time 
drawdown method for non-equilibrium radial flow in a confined aquifer (Fetter, 2001) 
was used. Calculation of transmissivity assumes average equivalent porous media uses 
the equation:
T= (2.3Q)/(4A(ho-h)) where Q=10gpm and ho-h=14 ft 
Therefore T= 25.23ftVday
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To calculate hydraulic conductivity (K) of the fractured rock aquifer the assumed 
saturated thickness (b) o f the formation is 250 feet.
K -T/b 
K=0.1 ft/day
The velocity (V) o f groundwater moving through the Bonner Quartzite is calculated using 
a porosity (n) of 1% (assuming equivalent porous media), and a gradient (i) of 0 . 1 . 
V -K i/n 
V=1 ft/day
Results from the second aquifer test are similar to results from the first test. Two 
wells were used in the second test. One well (BM22) was pumped at 6 gpm for 30 
minutes and observations were recorded in BM22 and BM20, located 350 feet away.
P u m p /A q u ferT est# 2  D raw d ow n R e su lts
Time (minutê
0.1 10 100
I
I
1a
20 -
♦♦
♦
♦
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The Cooper-Jacob straight-line time-drawdown method was again used to 
interpret the results of this pump test (Fetter, 2001).
T= (2 .3 Q)/(4 7tA(ho-h)) where Q=6 gpm and ho-h=10 ft 
Therefore T= 21ft^/day 
K-T/b, assuming b=250ft 
KM).084ft/day
V=Ki7n where i=0.1 and n-1%
V=0.84ft/day
These values are similar to those calculated for the first aquifer test.
However, these calculations are for the hydraulic conductivity of the formation
and not the hydraulic conductivity o f groundwater in an individual fracture set. To
calculate hydraulic conductivity o f an individual fracture set the aperture width (b) o f an
individual fracture is used. This calculation is the cubic law and compares flow in an
individual fracture to laminar flow between two smooth parallel plates (Snow, 1969). In
addition to aperture width (b); acceleration due to gravity (g), dynamic viscosity (p) and
fluid density (p) are used to calculate the hydraulic conductivity o f a fracture.
K f=(2b)^pg
12(g)
b = range of 1 mm to .0 0 1  mm 
p = 998kg/m^ (density of water at 10° C) 
p = (0 .0 0 1 N/m^)
g = 9.8 m/s^
Kf = range of 21,200 to 215 m/day or 69,600 to 700 ft/day
The velocity ( V f )  of groundwater in an individual fracture is calculated using the 
hydraulic conductivity o f an individual fracture ( K f )  and the hydraulic gradient (i ).
V f=(K rX i)
Vf= 7000 to 70 ft/day
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The cubic law shows that flow in an individual fracture is much higher than 
conventional calculations o f hydraulic conductivity and groundwater velocity. 
Contaminant transport in a fractured rock aquifer can be very high depending on the 
width of the fracture aperture.
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Appendix C: Geochemistry-Anions, including total N O 3 as nitrogen and Cl
Major anions were analyzed with an ion chromatograph (1C) (Dionex DX 400 
with an AS 14 Analytical Column) using EPA method 300.0. Major anions included 
phosphorous, sulfide, chloride, nitrite and nitrate as nitrogen. Before running samples, 
each sample was individually filtered using a 0 .2 2 pm prefilter prior to deposition in test 
tubes for the 1C run. During the filtering process, a lab duplicate was created by splitting 
the contents o f one sample into two new bottles. During the ÏC run, every 1 O'** sample 
was duplicated and run separately, followed by a laboratory blank. Every 20^ sample 
was duplicated and spiked with a lab standard, followed by an external lab standard and a 
lab blank. In addition to lab quality control, every 1 0 *̂ sample collected in the field was 
duplicated to ensure that field collection methods were appropriate and consistent during 
each sampling interval.
Quality assurance (QA) and quality control (QC) were conducted after every run 
o f samples to ensure that the machine was running correctly and the lab standards were of 
the correct strength for EPA method 300.0(Figure C-1). QA/QC was done by Heiko 
Langer, Murdock Environmental Biogeochemistry Laboratory manager. I have included 
results from each sampling interval (Figure C-2) and the calculated error (Figure C-3) 
associated with the results. I have also included a QA/QC worksheet from one sample 
run to demonstrate the procedure employed for this project. It should also be noted that 
IC runs were done in conjunction with work done by graduate students Robyn Cook and 
Amelia Taliman who are working on a project involving the Missoula Valley Aquifer.
The first set o f results is from the Blue Mountain study area. The second set of results 
that follows is from the Hayes Creek study area (Figure C-4).
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Figure C-1 : QA/QC worksheet from 7/20/04
Sfliu i Jo ) , Robys Ceob & A m dis T ^ lo u n  M iw u U  A<fuféf &
Im  C h ro m a lo ^ p b y  Bep«r1
QU/U-fTY CONTROL
PcftkBct Mcdwd:
C «iibm tio fi S u u idar4a S04
T R U E TRUE fined fitted
LOO too lOO 1.00 lOQ 50.00 50.<
100
0.250 tooAUTOCA U 100
100 S.OO 5.00 too 1.25
loe 100 100 J  15 tool 0.625
too 1.56 too"
tooAUT0CAL7 100 0.156 100
STD 100 m g/LS
S04U m lts  o r Q u a a titc d o e
P ra c tk a l  Q uaD thaÛ M  Liokit 
{ P O D
Higfiest SU adard (LDR> 1.00
SUodarda u  Uaknowas
fined
me/L
0.12 0.25STD3
0.25S T 0 5
1Q.<
25.14
1.0 1.00S T D t
25-12102 20.00 25.(0.50ST D 2
2L500.15 ).250.Z5STD2
6.42 103 1.25 L275.00
102 2.500.063S T T tt
<PQL
0.1560.03 <PQLSTD 7
0J15
40.00STD:
)0i 25.00STD2
1 2 .110.250.25 (L USTD3
122 1.25 1.430.13 112STD4
0.625a io 0.063 0.09 141
1.00 10.0210140.00 50.55
too
ST D I
25.( 25.92104 0-50 106STD:
1.25 9.86 1150
5.00 5.14 102 1.25 102103 6.40STD4
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E x ten u i $UB<Unb F o N02-N S04 N03-N
Rtted/tiactrac TftlMt ntted/rruc true fttud fitted/* cae true ria « i fittcd/rrue fitted fitted/true Atted
aig/L cngflL % m ffL % mfJL % n tf/L mg/L % mg/I. «eX .
IPC IMO 0.5 o i l 102 20 20.47 M2 0 3 031 103 26 19.75 99 2 135 92
IPC 1:10 O j (LSI 101 20 20.60 103 0 3 0 32 164 19.73 99 2 1.86 93
(PC 1:10 O j (L50 100 26 26.42 102 0 3 632 104 28 19.62 98 2 134 92
tPC i-->o 0.5 0 30 100 20 2630 102 0 3 032 104 20 1931 99 2 IÜ3 91
iP C lrlO O j (LSI 103 20 20.4» 102 0 3 033 106 20 19.70 98 2 134 91
Std dev. im09R E s t  Sltb. (*/-) L16 0324 1.01 0305 (L593
Btaida F Cl N02-N s o t N03-N
traci fitted true fitted difference (rac fitted differcace true Rtted difference trvc m ted différence
mg/L m tfL % • e /L m t/L % ^ tJ L mg/L S mg/L m tfL % □tg/L %
LBLANX 0 0.0000 B-d. 0
* B-d. 0 6.0000 B.d. 0 0.0000 «.d. 0 0.9000 (Ld.
LBLANK 0 0 a.<L 0 0.09 <PQL 0 0.0000 ad- « 0.94 200.00 0 9.0000 ad .
LBLANK 0 0.0000 cud. 0 0.02 <PQ L 0 OlOOOO Q.d. 0 0.0000 m-d. 0 0.0000 a d .
LBIANX 0 0.0000 lUd. 0 « a d . 8 &0000 ad . 0 0.0000 K d 0 0.9000 a d .
Ouplicstes 7 Cl N02-N S04 N03-N
fitted differMoe fitted dtflcreacc Acted drffcreace fined fitted différence
% mtf/L % aig/L I % mtf/L V, m t/L
W'C407(»PJ0 0.12 5.82 0.6600 13.79 0.84
WC407IWJOUDUP 0.12 5.«3 6.6006 13.74 0.85
-1 <PQL 0
WC*07WBLD <LU 436 0.0000 1&86 0.46
WC40709BL» U»UP (LI3 4.40 0.6000 18.94 9.40
2 1 <POL «
WC407MM40 0.13 3.64 6.0000 14.61 1431
WCM719M4D LDU? 0 .U 3.66 6.0000 1439 1439
3
*
<PQL 0 0
W OM06I6HCR 0.11 IJ 7 0.0060 12.93 9.00
WCXM06I6HGR LDtfP Q.lt U » 6.0060 13.00 9.00
-i 2 <PQL
'
<PQL
1
Spikf: F a N02-N S04 N03-N
fitted (ittcd/truc fitted Htled/trae true fitted fitied/true true fitted fhted/trve (rue fitted rmett/lrac
erf/L a%/L % m t/L % aig /l mgfL % ng/L mgÂ. V. ■ g / t l mg/L %
WC40709P30LDUP 0.12 S.8J « 13.74 9 35
IPC 1:10 (LSI 20.47 031 19.75 2.03 1.85
WC4Ô709P30LSPIKE 0.62 0.6A^ 2&24 15.49 031 0 36 3335 3232 2.68 237
96 91 98 97 96
WC4Ô709BLD LDUP 0.13 4.40 0.00 18.94 0.40
IPC 1:10 031 20.60 0.52 19.73 1 86
WC40709BLD LSPIK£ 0.64 0,65 24.9S 24.10 0.52 035 38.48 37.69 2.26 2.20
102 97 105 96
WC40719M4D LDUP 0.13 3.66 0.60 14.59 636!
[PC 1:10 0 30 20.42 0.52 19.62 1.84 j
WC407I9M4D LSPIK£ 0.63 0.63 i i .o i l 13.44 0.52 0.52 34.06 33.56 2.19 z-i? ;
100 97 160 99 1
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Figure C-2:Results of anion portion of geochemistry sampling.
Sample Name
F Cl N02-N S04 N03-N F Cl N02-N S04 N03-N
Jul-04 Sep-04
BM1 0.10 1 24 0.00 5.51 0.60 BMl 0.10 1.40 5.32 0.61 0.03
BM2 0.12 4.71 0.00 5.81 1.14 BM2 0.12 1 49 5.01 0.95 0.02
BM2 0.11 1.33 0.00 5.31 0.94 BM3SPLIT“ * 0.24 1.70 4 53 1.34 0.00
BM3 0.27 1.50 0.00 400 1.44 BM3 0.27 1.74 3.97 1.37 0.00
BM7 0.17 4.91 0.00 5.70 7.80 BLANK 0.00 004 0.00 0.00 0.00
BM9 0.16 18.30 0.00 5.48 3.15 BM4 0.12 2.05 3.13 0.03 0.00
BM10 0.19 42.13 0.00 11.51 7.23 BM4LDUP* 0.12 2.09 3.15 0 00 0.00
BM11 0.12 3,13 0.00 3.84 0.23 BM4LSPLIT 0.12 2.11 3.17 0.02 0 00
BM14 0.14 6.81 0.00 8.53 0.65 BM5/6 0.13 1 74 2 58 0.00 0.00
BMl 5 0.12 4.75 0.00 5.86 1.15 BM7 0.19 4.99 5.17 7.24 0.00
BM22 0.12 22.05 0.00 7.51 3.87 BM9 0,13 35.53 7.14 4.41 0.00
BM19LSPLIT” 0.17 1.24 0.00 3.13 0.82 BM10 020 37 87 11,30 6.73 0.00
BM19LSPL1T 0 17 1.23 000 311 0.81 8M11 0.11 3.95 3.81 0.21 0.00
BM5/6 0.00 0.00 0.00 0.00 000 6M14 0.15 17.00 8.32 1.06 0.00
Aug-04 BMl 5 0.13 7.67 6.18 1.10 0.03
BM1 0.09 1.40 0.00 5.42 0.60 BMl 6 0.14 34.53 133.52 2.71 0.00
BM2 0.11 1.38 0.00 5.10 0.91 BM16SPLIT 0.14 34.47 133.52 2.71 0.00
BM3 0.28 1.59 0.00 3 69 1.49 BM22 0.14 21.93 7.57 383 0.02
BM4 0.13 2.47 0.00 3.52 0.03 BM18 0.13 1.34 3.81 0.76 0.02
BM4LSPLIT 0.13 2.37 0.00 3.54 0.02 BMl 9 0.18 1.31 3.15 0 75 0.00
BM5/6 0.13 1.32 0.00 4.00 0.76 Oct-04
BM7 0.22 3.38 0.00 4.07 4.46 BMl 0.10 1.27 0.00 5.32 0.59
BM9 0.12 35.40 0.00 7.06 4.46 BM2 0.12 1.38 0.00 4 99 0.95
BM10 0.18 37.72 0,00 11.29 6.46 8M3 0.26 1.69 0 00 3.99 1 38
BM10SPLIT 018 37.89 0.00 11 35 6.53 BM4 0.12 2.41 0.00 3,85 0 03
BM11 0.11 3.68 0.00 3.84 0.24 Blank© 0.00 0.09 0.00 000 0.00
BM14 0.14 6.00 000 8.37 0.55 8M5/6 0.11 3.38 0.00 2.97 0,17
BM14SPLIT 0.13 5.94 0.00 8.39 0.54 BM7 0.19 4.92 0.00 5.11 7.23
BM15 0.12 4.72 0.00 5.35 0.86 BM9 0.13 34.41 0.00 6.96 4.31
BM16 0.13 32.40 0.00 125.69 2.71 BM10 0.18 37.42 0.00 11.09 6.59
BM22 0.13 21.80 0.00 7.43 3.83 BM11 0.10 4.02 0.00 3.79 0.26
BM18 0 17 1.28 0.00 3.08 0.73 BMl 1LDUP 0.12 4.01 0.00 381 0.25
BM19 0.19 1.27 0.00 3.12 0.73 BM11LSPIKE# 0.55 25 00 0.51 22.51 2.15
Blank 0 00 0.04 0.00 0.00 0.00 BM14 0.15 15.13 0.00 8 17 0.82
IPC 0.50 21.81 0.51 19.84 1.86 - BMl 5 0.12 5.30 0.00 5.51 0.92
BM15DUP 0.12 5.29 0.00 5.44 0.93
BM15LSPLIT 0.11 5.39 0.00 5.54 0,95
‘LDUP represents a sample duplicated In the Lab 
“ LSPLIT represents a sample split In the lab during BM15LSPLIT O il 5.34 0.00 5.56 0 93
filtration BMl 6 0.15 36 10 0.00 131.49 2 82
‘“ SPLIT represents a sample split in the field BM22 0.12 21.90 0.00 7.51 3,80
#LSPIKE represents a sample spiked with a known tab
standard BM22LSPLIT 0.12 21 84 0.00 7.48 3 80
©BLANK represents a blank sample taken to the field BMl 8 0 13 1.33 0,00 3.92 0.77
and exposed to the atmosphere during the sampling BMl 9 0.18 1-39 0.00 3.15 0.73
interval
''LBLANK represents a lab blank run as a control
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F Cl N 02-N S 0 4 N 03-N
N ov-04
BM7 0.20 4.34 n d 4.96 6.82
BM10 0,20 35.47 n.d. 11.09 6.28
BM9 0,16 32.34 n.d. 7.12 4-26
BM22 0.12 21.04 n.d. 7.59 3.77
BM16 0.18 34.79 n.d 149.42 2.68
BM3 0 31 1.86 n.d. 3.88 1.42
BM3LSPLIT 0.26 1.54 n.d. 3.89 1.40
BM2 0.11 1.79 n.d. 5.06 0.93
BM15 0.13 4.21 n.d. 5.40 0.87
BM14 0.15 14.72 n.d. 8.30 0.80
BMl 9 0.18 1.15 n.d. 3.03 0.73
BMl 8 0.11 1.40 n.d. 5.11 0 .68
BM1 0.08 1.21 n.d. 5.23 0.58
BM1DUP 0.08 1.18 n.d. 5.20 0.58
BLANK n d. <PQL n.d n.d. 0.00
BM5/6 0.09 3.45 n.d 3.06 0.00
BM11 0.11 3.97 n.d. 3.66 0.00
Jan-05
BM3 0.24 1.97 0.00 4.17 1.42
BM3DUP 0.27 1.70 0.00 3.84 1.64
BLANK 0.00 0.41 0.00 0.00 0.00
BLANK LDUP 0.00 0.40 0.00 0.00 0.02
BLANK LSPIKE 0.49 21.34 0.52 19.88 2.03
BM7 0.17 5.44 0.00 5.78 8.31
BM7LSPLIT 0.18 5.40 0.00 5.79 8.31
8M15 0.11 3.65 0.00 5.18 0.78
BM1B 0.11 1.51 0.00 5.66 0.72
BM19 0.17 1.19 0.00 3.20 0.78
Feb-05
BMl 0.08 1.19 0.00 5.29 0.58
BM2 0.11 1 27 0.00 5.25 0.92
BM3 0.26 1.50 0.00 3.83 1.36
BM5/6 0.10 3.72 0,00 3.42 0.17
BM7 0.19 4.85 0.00 547 7.64
BM7 0.19 4.86 0.00 5.51 7.67
BM7LDUP 0.19 4.88 0.00 5.50 7.67
BM7LSPIKE 0.70 26.20 0.58 26.02 9.02
BM9 0 14 30.26 0.00 6.52 4.07
BM10 0 20 35.28 000 11.14 6.17
BM10DUP 0 20 35.41 0.00 11.14 6.18
BM11 0.10 3.81 0.00 3.66 0.24
BM14 0 14 13,26 0.00 7.86 0.66
BM15 0 12 499 0 00 5.84 1.06
BM16 0.13 36 14 0.00 139.44 2.67
BM22 0 12 21.14 0 00 7.16 3.75
BMl 8 0 12 1,29 0 00 4.32 0.73
BM18LDUP 0 12 1.30 0.00 4.28 0.72
BM19 0 .17 1.19 0.00 3.12 0.74
Snow 0 00 0.19 0.00 0.00 005
F Cl N 02-N 3 0 4 N 03-N
Mar-05
BMl 0.08 1.22 0.00 5 36 0.59
BMl LDUP 0.08 1.17 0.00 5.31 0.58
BM2 0.11 1.32 0.00 5.31 0.93
BM3 0 25 1.62 0 00 4 02 1.34
BLANK 0.00 0.00 0.00 0.00 0 00
BM4 0.11 1 85 0.00 3.64 005
BM4LDÜP 0.11 1.86 0 00 363 0.05
BM4LSPIKE 1.01 40.56 1.02 41.79 4.08
BM5/6 0.09 5.13 0.00 3.47 0.19
BM7 0.18 5.07 0.00 6.04 866
BM9 0.13 32.73 0.00 6.99 4,31
BM10 0.20 35.53 0,00 11 17 6.05
BM10DUP 0.20 35.72 0.00 11.17 6.07
BM11 0.08 1.22 0.00 5.36 0.59
BM14 0.14 13.63 0.00 7.98 0.66
BM15 0.12 3.92 0.00 5.52 0.90
BM16 0.13 37.92 0.00 135.10 2.89
BM16DUP 0 14 37.77 0.00 134.58 2.86
BM22 0 12 21 89 0.00 7.38 3.84
BM18 0.10 1.49 0.00 5.49 0.74
BM19 0.18 1.19 0.00 3.16 0.76
Apr-05
BMl 0.09 1.10 0,00 5.17 0.56
BM2 0.13 1.23 0.00 5.20 0.90
BM3 0.25 1.51 0.00 3.72 1.33
BM4 0.09 1.04 0.00 2 .37 0.00
BM5/6 0.10 5.16 0.00 323 0.35
BM7 0.20 3.82 0.00 4.65 5.72
BM9 0 15 25.02 0.00 6.30 3.54
BM90UP 0.15 25.72 0.00 6.39 3.59
BM9LDUP 0.16 24.97 0.00 6.34 3.54
BM10 0.20 35.17 0.00 11.05 5.79
BM11 0.10 3.01 0.00 3.32 0,21
BMl 1 LSPIKE 060 23.95 0.53 23.20 2,20
BMl 1LDUP 0.11 3.02 0.00 3.34 0.21
BM14 0.14 13.34 0.00 7.56 0.32
BM15 0.13 3 36 0.00 5.16 0.80
BM16 0 15 36.53 0.00 140 64 2 74
BM17LSPLIT 0.26 1 59 0.00 3.34 1 21
BMl 7 0.26 1.58 0.00 3 34 1 22
BM22 0.14 21.90 0.00 7.41 3 7 0
BM18 0.13 1 13 0.00 3.97 0.71
BM19 0 19 1 12 0.00 3 15 0.78
STD 3 0.24 9 74 0.24 12.20 2.44
IPC 1:10 0.48 20 79 0.51 19.80 1.96
LBLANK'' 0.00 0.00 0.00 0.00 000
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Calculation of error for each sampling interval and every target anion sampled. 
Percent difference was calculated by subtracting the duplicate value from the original and 
multiplying by two. Then that value was divided by the combined value of the duplicate 
and original. This result was multiplied by 1 0 0  for the percent difference as calculated by 
EPA standards. From these results the standard deviation was calculated an multiplied by 
two. A second standard deviation was calculated by removing all outlying error to obtain 
a more accurate estimation o f error associated with this sampling method.
Figure C-3: Error Calculation
IC I n ig /L )  j
D ale Sam ple F Cl NO: s o . NO]
7/20 O CTO PU S 1 1,07 12.49 0 0 0 0.82 0
•R C /A T OCTO PU S ID U P 1.07 12.41 0.00 1.43 0l_
D uplicates 2*(a-b)/(a+b)*100 0.66 0.69 5 3 5 7 ^  0.00
j** percent difference (as by EPA)
BM 19 0.17 1,23 n.d. 3.11 0.81
BM 19SPLIT 0.17 1.24 n.d 3.13 0 8 2
Splits 0.59 0.63 n.d. 0.63 0.88
Blank 0.00 0.00 0.00 “ (wmT 0 0 0
8/31 B M il 0 10 4.0 0.000 3.8 0 26
---------------
B M l ID U P 0 12 4,0 0.000 3.8 0.25
--------- :
D uplicates 115 5 0 3 3 0.48 1.89
B & N
BM I5SPL1T 0.12 5 2 9 0.00 5,44 0.93
Splits IM 0.13 n.d. 13 2 0.58
Blank 0 0 0 4 0.00 0.00 0.00
9/15 BM4 0 .1 2 2 .0 5 3 ,1 3
3 ,1 5
0 .0 3
o d bB M 4D U P 0 .1 2 2 .0 9
--------
D uplica tes 0.43 2.01 0.77 200.00
BM 16 0,14 34.53 133.52
1 3 3 5 2
2,71
2 . T ÏB M 16S P U T 0.14 34 47
S plits 0.06 0.18 0.00 0.00
Blank 0 0 0 0,04 0 0 0 0 00 0.00
10/21 B M II 0,10 4.02
'"T o r
0 0 0
0 00
3.79 0.26
Ô.25B M l ID U P
8 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Duplicates 11.55 0 J 3 n.d. 0.48 1.89
BM 22 0.12 21.9 0.0 7.5 38
BM 22SPL1T 0.12 21.8 0.0 7.5 3.8
Splits 0.18 0.27 O Jl 0.10
Blank 0.00 0.09 0.00 0.00 0.00
11/18 B M l 0.08 1.18 n.d. 5.20 0.58
B M ID U P 0.08 1.21 n.d. 523 0.58
Duplicates 8.95 2.20 0.59 1.05
RC/AT D H l 0.08 7.94 12.49 0.46
D IS 0.08 7.85 12.48 0.47
Splits 7 J I 1.13 0.09 020
Blank n.d. <PQL n.d. n.d. 0.00
F Cl N O , S04 NO,
1/1 BM 3 024 1.97 0.00 4.17 1.42
B M 3D U P 0 2 7 1 70 0.00 3-84 1.64
Duplicates 11.25 14.80 8.25 14.56
--------------—
BM 7
b n Tv s p l ît
0.17
“  â i T
5 44
^ 5 j 0
0.00
“ T o o
5.78
5.79
8 31 
8.31
Splits 2.91 0.70 0.17 0.01
Blank 0.000 0.41 0.000 0.000 0.000
z r t B M I8 0.12 1.29 0.00 4.32 0.73
BM 18D U P 0.12 1.30 000 428 0.72
D uplica tes 1.19 0.70 0.82 133
BM 7 0.19 485 0.00 5 47 7.64
BM 7SPLIT 0.19 4.86 0.00 5.51 7.67
Splits 0.68 0.18 0.83 0.42
RC/A T M 4B - Blank n.d. <PQL n.d. n.d. n.d
3/20 BM 4 0.11 1.85 0.00 3.64 0.05
BM 4D U P 0.11 1.86 0.00 3.63 0.05
Duplicates I J I 0.72 0.13 8.29
BM IO 0.20 35.58 0.00 11.17 6.05
BM IO SPLIT 0.20 35.72 0.00 11.17 6.07
Splits 1.06 0.41 0.06 034
Blank 0.00 0.00 0.00 0.00 0.00
84
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r -
INCLUDES ALL ERROR VALUES
4/2S BMII 0.10 3.01 0.00 33 2
3 34
0.21
0.21 ^BMl IDUP 0.11 3.02 0.00
Duplicates 6.22 r ô i s T 0.61 3.23
T 5 9 ^T oo“ 3.34 I I 2T "BMI7 0.26
BMI7SPL1T 0.26 1.58 0.00 3 34 1.22
Splits 1.47 0.38 1 0.02 0.69
RC/AT HRB - Blank n.d n d n d n d n.d
2*STDEV 8.66 8.51 3.74 93.59
2*STDEV 1.52 1.01 0.75 1.32 EXCLUDES EXTREME ERROR 
VALUES
RC/AT represents samples from Robyn Cook and Amelia Talintan’s work, conducted concurrently with the Blue Mountain project
Figure C-4 Results from Hayes Creek
Sample ID 
Mar-D5|
F Cl 804 N03 N02
HC3 0.05 10.37 6.10 2.06 0
HC5 0.07 66.51 4.82 6.53 0
HC5 0.08 0.00 4.80 6.51 0
HC11 0.21 0.00 6.45 8.19 0
HC11 0.23 0.00 6.47 8.18 0
HOI 3 0.13 70.00 6.39 11.15 0
HC16 0.22 29.79 4.99 0.85 0
HC16 0.22 29.70 4.99 0.85 0
HC18 0.06 66.62 5.79 3.81 0
HC31 0.12 67.32 20.80 11.65 713.3
HC31 0.14 67.40 19.67 11.24 0.0
HC40 0.07 7.41 5.66 0.78 0.0
HC45 0.12 63 99 10.62 4.37 431.1
HC46 0.08 4.41 5.17 0.55 0
HC46 0.08 4.42 5 15 0.55 0
HC16 0.22 14.04 4.85 0.66 000
Apr-05
HC5 0.07 56-58 4.40 6.77 0.00
HC5 0.14 35.20 6.01 10.64 0.00
HC3 0.04 8.78 5 73 1.73 0 00
HC3 0.04 8.91 5.77 1.73 0.00
HC3 0.05 8.86 5.79 1.75 0.00
HC11 0.21 73.09 6.27 7.89 0.00
HC13 0.14 35.12 6.02 10.66 0,00
HC18 0.05 74.60 5 62 3,62 0.00
HC31 0.14 15-61 20.60 11.24 0.00
HC40 0.08 6.74 5.47 0.72 0.00
HC44 0.11 8.30 6.41 1.65 0.00
HC45 0.15 52.34 10.06 4.24 21.29
HC46 0.07 4.90 5.15 0.57 0.00
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Appendix D; Geochemistry-Cations
j  Cation samples were analyzed using a Thermo-Jerrell Ash Inductively Coupled Argon Plasma Emission Spectrometer (ICP)
m using EPA method 200.15. This method uses an ultrasonic nebulizer to analyze trace metals, including arsenic, lead, calcium,
potassium, and sodium. Each sample was filtered with a 0.22pm prefilter prior to analyses and every tenth sample was split into two 
samples as part of quality control. Prior to analyses, each sample was treated with TMG nitric acid and TMG hydrochloric acid.
2  r : _ _ _ _ _ _ _ _ _ l A t hEvery 10 sample was duplicated and spiked with known lab standards and followed by a laboratory reagent blank (LRB), a 
laboratory fortified blank (LFB) and a laboratory standard.
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Appendix E: Microbiology-Presence and/or absence o f coliform bacteria
Bacteria samples were analyzed at the Missoula City/County Health Department 
(MCCHD). Each sample was collected in the same manner as the anion and cation 
samples, but deposited in 60mL sterile bottles provided by the MCCHD. These samples 
were kept in a cooler and run within 24 hours o f collection in the health department lab. 
Samples were tested for the presence or absence of coliform bacteria using Colisure made 
by IDEXX Laboratories. Samples equilibrated to room temperature in the lab, then the 
content o f a colisure kit was added and the sample was incubated for 24 hours at 35°C. 
The color yellow/gold indicated a sample free o f total coliforms and E.coli, red or 
magenta samples indicated the presence o f coliform bacteria. A red or magenta sample 
that fluoresced indicated the presence of fecal coliform.
Approximately 87% of all wells in the Blue Mountain study area tested positive at 
least once for the presence of coliform bacteria. Fecal coliform was found only in the 
ditch (BM5/6) and the Bitterroot River (BM4).
Blue M ounta in
Ju ly  A ugust Septem ber October November March April to ta l 4 % 4  % ..
BM1 . + +  + + - 4- 7 5 2 71 29
BM2 - + +  + + - 4- 7 5 2 71 29
BM3 - + + - - - 7 2 5 29 71
BM4 + +  + N A + 4- 5 5 0 100 0
BM5/6 + + +  + + + 4 7 7 0 100 0
BM7 + + - - 7 2 5 29 71
BM9 + — — - - - 7 1 6 14 86
BM10 + + + - - 7 3 4 43 57
BM11 + + + - - - 7 3 4 43 57
BM14 + « « — - + 4 7 3 4 43 57
BM15 + • + - - - 7 2 5 29 71
BM16 N A _ — - + - • 7 1 6 14 86
BM17 N A N A N A  N A N A N A - 1 0 1 0 100
BM18 N A + — — - - - 6 1 5 17 83
BM19 mm — — - - - 7 0 7 0 100
BM22 - - - - - - 7 0 7 0 100
NA indicates that it was not possible to obtain a sample during the 
+ indicates a positive coliform sample 
- indicates a sample negative for coliform bacterial
sampling interval
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Appendix F 
Methods
Water samples were received by the Microbiology Department in plastic screw-cap 
bottles which were stored in the dark at 4°C.
A 1:10 dilution o f the water sample was made with 1 mL of water sample and 9mL of 
phosphate buffer (lOOmM, pH 7.0). Using serial dilution technique, a 1:100 dilution was 
made.
Four types o f selective, cyclohexamide (lOmL/l.OL agar 30mg/mL 100% EtOH) R2A 
media plates were used:
Ampicillin (ImL/l.OL agar lOOmg/mL ddH2 0 , filter sterile)
Erythromycin (ImL/l.OL agar 30mg/mL 100% EtOH)
Tetracycline (ImL/l.OL agar 15mg/mL 50% EtOH)
Trimethoprim (lOmg added directly to hot agar)
Non-selective, cyclohexamide (lOmL/1 .OL agar 30mg/mL 100% EtOH) R2A plates were 
included as controls.
lOOpL of each dilution was plated on one of each selective variety and on triplicate non- 
selective.
Plates were allowed to incubate in the dark at room temperature (~27°C) for seven days.
At seven days plates were examined and plates (one per type across dilution) which 
appeared to have between 50 and 300 colonies had all colonies counted (figure E-1). 
Plates were then returned to cabinet.
On day eight of incubation, colonies from the non-selective plates were transferred to two 
sets o f five grid-marked plates consisting o f one of each selective and one non-selective. 
Selecting from across dilutions, up to 200 colonies were transferred onto the grid-marked 
plates.
The grid-marked plates were allowed to incubate in the dark at room temperature 
(~27°C) for seven days.
At seven days the grid-marked plates were scored according to positive growth by plot. 
Data was recorded using Excel.
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For the BM2 sample specifically:
1 0 0 % o f colonies were resistant to ampicillin, erythromycin, and trimethoprim.
43.1% o f colonies were resistant to tetracycline.
56.9% of colonies were resistant to three antibiotics.
43.1% o f colonies were resistant to all four antibiotics.
Numbers o f colonies that were resistance to 0-4 antibiotics were counted in whole 
numbers, percentages per sample were not calculated therefore, a second table was 
created (Figure E-2, E-3).
ie. 69.5% of colonies from Linjala were resistant to all four antibiotics.
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Figure F-1 Seven day colony counts
t  c seven days colony counts
Barthel- Plated: 022505 Counted: 030405 Missoula Power-- Plated: 022505 Counted: 030405
Plate Type Dilution Colonv Number Plate Tvoe Dilution Colony Number
Erythrom^n 1x 15 Erythromycin 1x 228
Ampicillin Ik 26 Ampidllin 1x 59
Tertrdcydine All 0 Tetracydine aH 0
Tnmethopfim 1.10 196 Tnmethoprim lx 118
Nori'Selecfeve 01 10.3 265 Non-setectve lx-3 205
Mercer- Plated: 02^05  Counted: 03070& Hightower- Plated: 022805 Counted: 030705 Scott- Plated: 022805 Counted: 030705
PtaJgJyBg DiliAon Colony Number Plate Tvoe Dilution Colonv Number Plate Tvoe Bliytion Colonv Number
Erythfomycin 1x 257 Erythromycin 1x 941 Erythromydn 1x 26
Ampidllin 1x 351 Ampidllin 1x 346 Ampidllin 1x 66
Tetracycline All 0 Tetracaine 1x 1 Tetracydine All 0
Trimelbopnm 1x 258 Tnmethoprim 1:10 59 Trimethoprim 1x 60
Nc^-selectjve 1:100.2 243 Non-setective lx-2 184 Non-selective 1x1 116
Schwartz- Plated: 022805 Counted: 030705 Kenyon* Plated: 022805 Counted: 030705 Scotson- Plated: 022805 Counted: 030705
Plate Tvoe pitutioh Colonv Number Plate Tvoe Dilution Colonv Number Plate Tvoe Dilution Colonv Number
Erythromycin 1:10 70 Erytfromydn 1x 398 Erythromydn 1x 10
Ampidllin 1:100 87 Ampidllin 1:10 45 Ampidllin 1x 17
Tetracydine 1:10 4 Tetracydine All 0 Tetracydine Ail 0
Tnmethopnm 1:100 76 Tnmethopnm 1:10 65 Tnmethopnm 1x 42
Noo-selectfve 1:100.3 125 Non-selective 1:101 127 Non-selective 1:10.2 224
Ecton- Plated: 030105 Counted: 030805
Plate Tvoe Dilution Cotorrv Number
Erythromycin 1 10 214
Ampicillin 1x 190
Tetracydine 1 10 299
Tnmethopnm All 0
Non-selective 1 1002 116
Badd Plated: 030205 Counted: 030905 DKctv Plated: 030205 Counted: 030905 Patrick- Plated: 030205 Counted: 030905
Plate Tvoe Dilution Colonv Number Plate Type Pilutjon Colonv Number Plate Tvoe Dilution Colonv Number
Erythromycin 1:10 56 Erythromycin 1x 20 Erythromycin 1 10 53
Ampicillin 1x 116 Ampicillin 1x 33 Ampidllin lx 29
Tetracydine 1 10 58 Tetracydine 1x 2910 Tetracydine 1 10 79
T nmethopnm All 0 Tnmethoprim 1x 1 Tnmethopnm All 0
Non-selectfve 1x2 129 Non-selective 1x1 357 Non-selective 1:10.3 80
Linjala- Plated: Counted: Allen- Plated: Counted:
Plate Tvoe n.firtmn Colony Number Plate Type Dilution Colonv Number
Erythromycin 1x 297 Erythromycin 1x 45
Ampicillin 1:10 103 Ampidllin 1x 49
Tetracydine 1:10 51 Tetracydine All 42
Tnmethopnm 1x 235 Tnmethopnm 1% 0
Non-selective 1.103 186 Nofvselectfve 1x3 136
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Colony Growth Count by Plate Typa and Sample
BM3 (200) BM16(200) BM10(200) BM9 (136) BM14t1B6) BW7|1S0) BM22(200) BM18f2O0) BM19 BM5/6 BM16 BM1 (163) BM11 BM1 (200) Total
(174) (200) (200) (200)
Ampicillin 37 97 175 104 157 98 139 97 137 68 147 153 160 177 1766
Erythromycin 30 98 164 88 153 98 133 50 143 64 124 153 170 145 1603
Tetracycline 3 1 7 0 2 13 24 0 8 11 66 160 76 372
Trimethoprim 117 99 179 111 157 104 195 76 161 147 62 153 178 162 1901
NS 185 194 199 136 179 121 199 197 169 153 198 153 179 199 2451
Total 372 469 724 439 647 423 679 444 610 460 542 678 847 759 8093
Percent Colony Growth bj' Plate Type and Sample
BM3 8M15 BUiO BM9 BM14 BM7 BM22 8M18 BM19 6M6/6 BM16 BM1 BM11 BM1
Ampicillin 18,5% 48.5% 87.5% 76.5% 84 4% 85.3% 69,5% 48.5% 78.7% 44,0% 73,5% 100 0% 00 0% 88 5%
Erythromycin 15.0% 44.0% 82.0% 64,7% 62,3% 65 3% 66.5% 25,0% 82.2% 32,0% 62,0% 100 0% 85 0% 72.5%
Tetracycline 15% 0,5% 3.5% 0,0% 0 5% 1 3% 6 5% 12,0% 0 0% 4,0% 5.5% 43.1% 80 0% 38.0%
Trimethoprim 58 5% 49.5% 89 5% 81.6% 84.4% 69.3% 97.5% 38 0% 92.5% 73 5% 31.0% 100,0% 89.0% 81.0%
US 925% 92.0% 99 5% 100.0% 96 2% 80,7% 99.5% 985% 97 1% 76 5% 99,0% 100,0% 89,5% 99.5%
Number of Colonie» that Heeleted 0-4 A itlbiotlce
&M13 BM15 BM10 BM9 BM14 BM7 BM22 BM18 BM19 BM5/6 BM16 BM1 BM11 BM1
Zero eo 90 0 23 25 39 3 80 11 45 36 0 20 14
One 98 22 2D 11 6 11 33 52 14 54 34 0 2 19
Two 37 2 40 14 4 11 52 24 20 52 80 0 7 32
Three 5 85 135 63 151 87 105 29 129 47 50 87 32 63
Pour 0 1 5 0 0 2 7 15 0 2 0 66 139 72
200 200 200 136 186 150 200 200 174 200 200 153 200 200
Extrapolated Colony Count at IX
GM3 BM15 8M10 6M8 GU14 BM7 BM22 BM18 BM19 BM6/6 BM16 BM1 BM11 8M1
ImL Strength at Dilution 2650 2050 1270 1640 2430 1180 1250 2240 1160 3570 600 1290 1860 1360
Extrapolated Colony 6300 2050 2540 1840 7290 3540 3750 4400 1160 3570 1600 1290 3720 1360
Count at IX
Percent of Colonie» that Fieslsted 0-4 Antibiotics
BM3 BM1S BM10 GMS BM14 BM7 BM22 BM18 BM19 BM6/6 BM16 BM1 BU11 BM1
Zero 30 0% 45 0% 0,0% 16,9% 13.4% 26 0% 1 5% 40 0% 6 3% 22 5% 18 0% 0 0% 100% 7 0%
One 49 0% 11.0% 10.0% 8.1% 3 2% 7 3% 16 5% 26 0% 8 0% 27,0% 17 0% 0 0% 1.0% 9 5%
Two 18 5% 0% 20.0% 10 3% 2 2% 7 3% 26 0% 12 0% 11 5% 26 0% 40 0% 0 0% 3,5% 16 0%
Three 2,5% 42.5% 67.5% 64 7% 81 2% 58 0% 52 5% 14 6% 74 1% 23 5% 25 0% 56 9% 16 0% 31 5%
Four 0  0% 0,5% 2,5% 00% 0 0% 1,3% 3 5% 7 5% 0,0% 1 0% 00% 43 1% 69.5% 36 0%
Figure F-2 Antibiotic Resistance
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Appendix G
The description and interpretation of groundwater flow in fractured bedrock is 
complicated. Recent work conducted in fractured bedrock shows the location and depth 
to bedrock, and can delineate some major structural features, but does not identify 
individual fracture sets containing water (Moore, et al., 2002). Large-scale studies 
conducted in Pennsylvania to compare well yield with fault zones and bedrock type were 
successful in delineating well yield based on geophysical investigations (Barton, et al., 
2003). A recent survey conducted by the USGS in New Hampshire used ground 
penetrating radar along with other seismic tools to determine well yield related to 
bedrock features (Degnan et ah, 2001). They were successful in determining depth to 
bedrock, but could not refine their data to find water-bearing fractures (Degnan et al., 
2001)
This study attempted to define the location o f a structural feature and depth to 
bedrock in the backyard o f a homeowner near Blue Mountain Recreation Area, south of 
Missoula, Montana. The main goal was to determine if  seismology could be a tool to 
define water-bearing fracture sets or fault zones near a well with a known yield. The 
reason this site was selected for a geophysical survey was a pump test run earlier in the 
study showed no correlation between two wells located on adjacent properties and the 
wells located on the site o f this survey. My hypothesis is a fault dividing three wells was 
the reason for a lack of drawdown in observation wells with a pumping rate o f 1 Ogpm 
and a drawdown in the pumping well o f 40 feet.
The hills surrounding the Missoula Valley are covered by unconsolidated 
Quaternary sediments. Under these sediment packages lies the Precambrian Belt 
Supergroup, composed of metasedimentary rocks: argillite, siltite, and quartzite. The 
Belt rocks contain no primary porosity, therefore water moves through fractures and 
joints. Increasing development on the hillside o f Blue Mountain is putting strain on a 
fractured rock aquifer with a limited supply of water. Homeowners in the area are 
concerned that future development will affect current well yields. Presently, wells in the 
area produce 4-40 gallons/minute, with 14gpm the average yield. Part o f my thesis 
project is attempting to locate fracture sets in the Belt rocks and correlate well yield to the 
location o f fractures. So far, attempts to use geochemical data and hydrogeologic tools 
have failed to delineate fracture networks related to well yield.
This geophysical project used the EG&G SMARTEIS for the seismic survey of a 
5 acre lot. The design of this project was to run two lines of geophones perpendicular to 
each other in the shape o f a “T” (Figure a). We placed our first set o f 24 geophones in a 
line 100 feet long running south to north. Each geophone was spaced 4 feet apart, with a 
shot point 10 feet from our first geophone. Our delay was 10 seconds with a record 
length o f 38 milliseconds and we used 10 stacks for each run of the geophone line. We 
set the EG&G SMARTEIS up to sample every 31 nanoseconds with positive polarity, 
autostack feature on, fixed AGC, no filters and clipped and shaded output. Our first line 
ran from south to north, our second from north to south and our third ran from south to 
north and back to south again. We then set a line o f geophones perpendicular to the first 
line with the middle o f the second line 20 feet from the end of the first line. The second 
line ran from west to east along a hillside with a slope of 5%. Again, we sent a
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disturbance from west to east, east to west, and west to east and back to west. For our 
eleventh line we also moved the shot point 2 0  feet away from the first geophone to see if 
this made any impact on our resultant data.
The first six lines, running south and north, show two layers with different 
velocities (Figure b). I interpret these two layers to consist o f unsaturated and saturated 
Quaternary deposits. Only one possible structural feature can be discerned from this data 
set. A possible fault is located 32 feet from the southern end of our geophone line, 
approximately 1/3 along the line. From the data, the fault can be interpreted as occurring 
after deposition of the Quaternary material but before the home was built on the site. This 
interpreted feature is near the location of the homeowner’s well, and may be the reason 
for a yield o f ISgpm while a close neighbor can only obtain 4gpm. The sets o f lines we 
ran in the north and south direction are horizontal and this is seen in figures b and c. The 
best fit lines to each set of points shows symmetry. Lines that ran from south to north, 
are identical to the slope o f lines running north to south.
The results from this small geophysical survey are very interesting, yet do not 
provide a conclusive answer to the hypothesis question. The goal of the investigation 
was to locate a structural feature such as a fault or joint and correlate it to the yield in a 
nearby well. The geophysical data shows two layers in the vicinity of the well, however 
both layers have velocities of unconsolidated material and do not represent the boundary 
between the unconsolidated Quaternary deposits and the Precambrian Belt rocks.
Instead, the layers represented unsaturated and saturated recent deposits. A possible 
structural feature present in the north and south trending lines could represent faulting 
occurring after deposition o f the Quaternary deposits and before the construction of the 
home on the property. To test the hypothesis again, I would run a geophysical survey 
near a known fault line, and 1 would also run the line in an undisturbed area of the study 
location. While other major research projects employed geophysical tools in the 
interpretation of groundwater and structural geology, this project cannot rely on the 
results o f this investigation for the mapping of groundwater flow paths through fracture 
sets.
A
Figure a: location o f  
seismic survey N
BM3.
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Figure b: Line 3 showing two layers, the upper layer represents unsaturatetj Quaternary 
unconsolidated material. The lower layer represents saturated Quaternary unconsolidated 
deposits. The left and right sides represent depth below the ground surface (ft), the bottom of the 
graph represents distance along the geophone line (ft)
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Appendix H: Results from Professional Consultants Incorporated (PCI)
In 2002 and 2003 PCI collected groundwater samples from several wells in the 
Blue Mountain study area in preparation for a proposed subdivision. Three monitoring 
wells, B-1, B-2, and B-3 were drilled to identify subsurface geology and groundwater 
quality. The groundwater was tested for total combined nitrate and nitrite by the 
Montana Environmental Laboratory LLC located in Kalispell Montana. The samples 
were run using EPA method 353.3. Two samples (B-3, and #8) exceed the EPA drinking 
water standard of lOmg/L. In addition to these two wells, fourteen wells show elevated 
levels o f nitrate + nitrite, above the background value of 0.5mg/L.
Nitrate+Nitrite total
Monitoring wells drilled for subdivision ID (mg/L)
Northwestern comer of Tract B 8-1 (2003) 0.72
Northeastern corner of Tract 8 8-2 (2003) 5.99
Southern corner of Tract 8 B-3 (2003) 15.52
Other wells sampled for non-deg report
Blue Mtn fitness #4(2001) 0.04
Blue Mtn fitness #4 (2002) 0.06
4700 Wornath, Larson kitchen sink #6 (2002) 3.28
4700 Wornath, Larson kitchen sink #6(2003) 3.18
4680 Wornath, Vietz #8 (2003) 12.52
4800 Evergreen Rd, Peresini #10(2002) 2.94
4800 Evergreen Rd, Peresini #10(2003) 3.25
4655 Wornath, Van Allen #11 (2002) 5.22
4655 Wornath, Van Allen #11(2003) 4.83
4907 Blue Mountain Rd. Emmanuel Baptist #12 (2003) 2.84
4775 Evergreen Rd, Kenyon (BM10) #13(2002) 6.07
4775 Evergreen Rd, Kenyon (BM10) #13(2003) 5.8
5001 Blue Mountain Rd, Norco #15(2003) 1.22
5001 Blue Mountain Rd, Norco #16 (2003) 1.22
4907 Blue Mountain Rd, Emmanuel Baptist #16 (2002) 2.05
4907 Blue Mountain Rd, Emmanuel Baptist #17(2003) 332
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